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Wahhixgtox,  D.  C,  Jamuiry^l^  190 1^,, 

Sir:  I  have  the  honor  to  transmit  herewith  two  manuscripts,  the 
first  entitled  "Strawboard  Waste:  Its  Damage  to  Water  Resources 
and  its  Economic  Disposal,"  b^^  K.  L.  Sackett;  the  second,  '^Disposal 
of  Oil- Well  W^astes  at  Marion,  Ind./'  by  Isaiah  Bowman,  and  to 
request  that  they  be  published  together  as  one  of  the  series  of  Water- 
Supply  and  Irrigation  Papers. 

These  papers  include  a  part  of  the  results  of  investigations  made  b^' 
the  division  of  hydro-economics.  The  determination  of  the  quality  of 
available  waters  in  the  United  States  and  their  appHcability  to  domes- 
tie  and  industrial  uses  involves  a  consideration  of  the  principal  sources 
of  their  pollution. 

The  subjects  dealt  with  in  these  papers  represent  two  particularly 
troublesome  sources  of  damage  to  water  resources.  The  areas  in 
w'hich  such  damage  occurs  are  very  large  and  important,  pollution  of 
the  kind  considered  in  the  first  paper  covering  the  States  of  Ohio, 
Indiana,  and  Illinois,  and  that  discussed  in  the  second  paper  having 
lieen  felt  in  all  those  parts  of  the  country  in  which  oil  wells  have  been 
developed. 

Thej^e  investigations  were  undertaken  in  an  experimental  wa3%  and 
it  is  hoped  that  they  may  serve  to  direct  wider  attention  to  the  prob- 
lems involved,  to  the  end  that  practical  solutions  may  be  reaclu^d 
which  will  be  satisfactory  to  all  those  whose  interests  are  involved. 

Very  respectfully, 

F.  H.  Newell, 

Chief  Eiujiiwer, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 


STRAWBOARD  WASTE:  ITS  DAMAGE  TO  WATER 
RESOURCES  AND  ITS  ECONOMIC  DISPOSAL 


By  RoBEKT  Lemuel  Sackbtt. 


INTRODUCTION. 

Rivers  and  streams  have  a  commercial  value  by  which  they  have 
been  universally  rated,  yet  in  many  cases  this  rating  must  properly 
take  into  account  more  than  strictly  commercial  or  industrial  uses. 
Water  power  or  shipping  facilities  have  often  determined  the  location 
of  a  mill  where  a  city  was  unforeseen,  and  the  value  of  the  stream  as  a 
Hource  of  water  supply  for  culinary  or  drinking  purposes  has  thus 
often  been  left  entirely  out  of  consideration.  But  watercourses  con- 
tribute not  only  to  the  commercial  value  of  a  location,  but  to  health, 
:ind  their  influence  on  health  has  now  become  an  important  factor  in 
determining  the  money  value  of  the  lands  bordered  by  them.  Health 
and  wealth  are  in  some  localities  dependent  on  the  condition  and  flow 
of  streams. 

All  sanitary  authorities  now  recognize  the  vital  necessity  of  provid- 
ing a  pure  source  of  municipal  or  private  water  supply.  Family  wells 
and  springs  can  safely  serve  but  a  small  proportion  of  the  population. 
The  urban  population  is  now  about  50  per  cent  of  the  total,  and  as  it 
grows  the  percentage  dependent  on  municipal  supply  will  increase. 
It  is  to  this  class  of  water  supplies  that  this  discussion  is  confined. 

SOURCES  AND  EFFECTS  OF  STREAM  POIil^UTION. 

SEWAGE   POLLUTION. 

As  the  wilderness  was  subdued  by  the  pioneer,  small  mills  and  towns 
were  established  on  lakes,  rivers,  and  streams.  By  cutting  the  forests 
and  draining  the  cultivated  and  settled  areas  the  character  of  the 
.stream  flow  was  changed.  Forests  are  natural  reservoirs,  where  the 
rainfall  is  stored,  to  be  given  up  gradually.  Cultivation  and  drainage 
aid  in  producing  a  rush  of  water  to  the  streams  after  rains,  which  is 
followed  by  a  period  of  very  low  flow  in  a  dry  season.  The  villages 
in  time  become  cities,  drawing  their  water  supply  from,  and  discharg- 
ing their  sewage  into,  the  near-by  stream.  This  source  of  pollution, 
in  connection  with  the  occasional  very  low  stream  flow  and  consequent 
slight  dilution,  has  been  the  cause  of  great  commercial  loss,  of  wide- 
spread disease,  and  of  death. 
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POLLUTION    BY   TRADE   WASTE. 

But  city  sewage  is  not  the  only  source  of  stream  pollution,  for  many 
industries  discharge  large  quantities  of  refuse,  called  ''trade  waste," 
the  presence  of  which  in  sewers  and  streams  is  very  objectionable 
from  a  sanitary  point  of  view. 

On  the  continent  of  Europe  and  in  Great  Britain  this  subject  has 
received  considerable  attention.  The  English  rivers  pollution  act  of 
1876  treats  the  matter  at  considerable  length,  and  gives  city  authori- 
ties power  to  require  the  adoption  of  remedial  measures  by  oflfending 
factories.  In  the  United  States  the  necessity  for  legislation  restricting 
pollution  by  trade  waste  has  only  recently  arisen.  Among  the  States 
tiiut  have  already  acted  upon  this  question  Massachusetts  standis  first. 

The  waste  from  industries  is  divisible  into  three  classes — animal, 
vegetable,  and  mineral  refuse,  though  many  factories  discharge  two 
and  even  all  three  kinds. 

In  the  first  class  of  wjiste  is  included  that  from  abattoirs,  packing 
houses,  tanneries,  and  woolen  mills,  which  discharge  large  quantities 
of  animal  tissue  and  oil.  The  decomposition  of  this  matter  may  be 
slow,  and  if  deposited  on  flats  it  causes  unpleasant  odors  and  attracts 
vermin.  If  afloat  in  such  quantities  that  the  dilution  is  not  sufficient, 
the  water  is  dangerous  for  house  use,  and  even  cattle  refuse  to  drink  it. 

To  the  second  class  belong  the  quantities  of  vegetable  matter  which 
escape  from  distilleries  and  from  paper,  wood-pulp,  and  strawboard 
mills — matter  for  which  no  present  economical  use  has  been  found. 

To  the  third  class  belong  the  wastes  from  oil  refineries  and  gas 
works,  which  run  off  mineral  oils  and  heavy  tars.  When  discharged 
into  city  sewers  these  have  proved  very  objectionable,  and  when  dis- 
charged into  sluggish  streams  they  lodge  on  shoals  and  flats  with  the 
rise  and  fall  of  the  water  lev  el,  coating  and  killing  vegetation,  causing 
unpleasant  odors,  and  fouling  the  water  for  dairying  and  other  pur- 
poses. Tin-plate  and  rod  mills  and  galvanizing  and  plating  works  dis- 
charge large  quantities  of  chemical  waste,  siich  as  dilute  sulphuric  or 
hydrochloric  acid,  copper  sulphate,  and  sulphate  and  chloride  of  iron. 

Among  other  local  industries  that  produce  serious  nuisance  in  their 
vicinity  are  soap  factories,  factories  using  the  Solvay  ammonia  soda 
pro(^ess,  and  white  lead,  paint,  varnish,  and  starch  factories.  Certain 
mineral  wat^ers  used  for  curative  and  bathing  purposes  and  the  drainage 
from  mines  may  also  be  offensive,  but  these  are  not  usually  amenable 
to  pollution  law^s.  In  England  they  are  specifically  excluded  in  the 
rivers  pollution  act  of  1876.  In  Pennsylvania  the  higher  courts  have 
passed  upon  a  ca^e  involving  milie  drainage,  and  the  operators  were 
allowed  to  continue  the  natural  drainage  of  the  mine. 

The  effect  of  wastes  upon  the  condition  of  the  stream  depends  on  the 
relative  volumes  of  stream  and  of  waste,  the  strength  and  character 
of  the  polluting  material,  and  the  proximity  of  other  industries  or  of 


sACKiPTT.]  MANUFACTURE    OF   8TBAWBOARD.  11 

cities  requiring  pure  water  and  of  agricultural  lands  and  residents 
who  might  declare  a  nuisance.  It  is  clear,  then,  that  no  general  rules 
can  be  laid  down,  but  that  each  i^ase  of  pollution  must  be  decided  on 
its  own  merits. 

The  addition  of  quantities  of  organic  matter  to  a  stream  is  highly 
objectionable,  as  it  furnishes  food  for  the  rapid  multiplication  of  dis- 
ease bacteria  which  may  be  present,  and  it  niay  cause  a  nuisance  by 
slow  decomposition  by  deposit  upon  shoals,  tidal  shores,  and  flats, 
I^sides  rendering  the  water  impotable,  abnormal  amounts  of  organic 
matter  cause  serious  damage  to  many  purifying  industries,  to  sugar 
factories,  meat-packing  houses,  and  canneries.  The  discharge  of  min- 
ei-al  waste,  unless  very  highly  diluted,  hinders  the  natural  purification 
of  the  stream,  and  adds  substances  that  oxidize  slowly.  This  waste 
kills  fish  and  makes  the  water  distasteful,  foul  smelling,  and  dangerous 
even,  to  cattle,  thus  interfering  with  impoi*tant  agricultural  interests 
and  increasing  the  menace  to  human  life. 

MAiaJFACTUTlE  OF  STRAWBOAHD. 

This  report  is  confined  to  a  careful  stud}"  of  the  process  of  manufac- 
ture of  strawboard  (or  pasteboard,  as  it  Is  commonly  called),  to  the 
character  of  the  refuse,  the  nature  of  the  pollution,  the  damage  pro- 
duced, and  the  possible  means  of  preventing  the  pollution. 

The  principal  factories  of  strawboard  in  the  United  States  are  con- 
fined to  a  comparatively  small  area.  In  the  report  of  the  United  States 
census  for  1900  59  factories  are  recorded  as  making  strawboard. 
From  157,534  tons  of  raw  material  they  produced  a  finished  product 
valued  at  $3,187,342.  Indiana  led  with  70,081  tons  of  board,  worth 
$1,350,636.  Ohio  ranks  second,  with  40,531  tons,  worth  $800,038,  and 
Illinois  is  third,  with  20,100  tons,  valued  at  $382,454.  New  York, 
Maryland,  and  Michigan  rank  next  in  order.  The  first  three  mentioned 
make  83  per  cent  of  the  board  produced  in  the  United  States,  and 
Indiana  alone  produces  nearly  50  per  cent  of  the  total.  The  straw 
used  in  Indiana  cost  about  $3.90  per  ton,  and  the  finished  product  was 
worth  about  $19  per  ton. 

The  strawboard  industry  does  not,  of  course,  include  the  manufac- 
ture of  wood  pulp,  sulphite  fiber,  or  jute. 

COMPOSITION  OF  STRAW. 

Strawboard  is  manufactured  from  rye,  wheat,  and  oat  straw.  In 
England  a  special  straw,  known  as  esparto  grass,  is  used  in  making 
paper.  Rye  and  wheat  straws  are  preferred,  as  they  yield  the  largest 
per  cent  of  cellulose — the  basis  of  all  vegetable  fi})er.  The  chemical 
formula  for  cellulose  is  //(CeHioOa).  The  composition  of  various  straws 
as  given  b}'  Miiller,^  a  German  authority,  is  as  follows: 

a  Jour.  Soc.  Chemical  Industry,  February  28, 1894,  p.  101. 
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Table  1. — Compoidtion  of  straws. 


Winter 
rye. 

Winter 
wheat. 

Percent. 

Summer 
barley. 

Winter 
barley. 

Oatsi'. 

Per  cent. 

1 
Per  ce7it. 

Percent. 

Percent. 

Water 

14.3 

82.6 

14.3 
80.2 

'       14.3 
79.7 

14.3 
80.2 

14.3 

Organic  constituents 

80.7 

Ash 

3.2 

5.5 

5.5 

5.0 

Cellulose 

54.0 

48.0 

43.0 

48.4 

40.0 

James  Bev'eredge,  of  Northfleet  Paper  Mills,  Kent,  England,  gives  ^' 
the  following  results  of  analyses  of  straws: 

Table  2. — Composition  of  straws. 


Zealand 
wheat. 

Dutch 
wheat. 

Dutch 
oatii. 

Dutch 
rye. 

Dutch 
barley. 

Water 

Per  cent. 

8.2 

44.2 

10.0 

37.6 

f^r  cent. 

12.5 

43.fi 

7.5 

36.4 

Per  catt. 

11.2 

46.0 

5.5 

37.  3 

Percent. 

7.8 
49.3 

1.8 
41.3 

Per  cent. 
11.0 

Organic  constituents 

47.7 

Aflh 

Cellulose 

7.2 
34.  1 

In  table  1  the  organic  constituents  include  cellulose;  in  table  2  they 
do  not.     In  the  latter  the  cellulose  is  unbleached. 

Remsen  gives  the  f oUqwing  percentages  of  cellulose,  the  straws  being 
in  the  air-dry  state.  Rye  straw,  54;  wheat  straw,  48;  oat* straw,  40. 
The  differences  appearing  in  the  above  tables  are  due  to  differences  in 
the  definition  of  cellulose,  in  the  dryness  of  the  materials,  and  in  the 
various  methods  of  separation  employed.  The  order  of  the  commer- 
cial rating  of  straws,  as  given  by  the  strawboard  companies,  is  as 
follows:  (1)  rye,  (2)  winter  wheat,  (3)  spring  wheat,  and  (4)  oat.  There 
is  generally  reckoned  a  loss  of  about  40  per  cent  by  weight  from  the 
dry  straw  to  the  finished  board,  the  latter  containing  from  5  to  8  per 
cent  of  moisture.  Various  factors  enter  into  the  percentage  of  loss. 
Straw  purchased  at  harvest  time  contains  a  larger  percentage  of  mois- 
ture than  it  contains  some  months  later.  The  loss  of  weight  from 
harvest  to  Christmas  time  amounts  to  almost  25  per  cent,  says  an 
authority  in  the  Journal  of  the  Society  of  Chemical  Industry.*  Straw- 
grown  on  light,  sandy  soils  has  a  much  lower  specific  gravity  than  that 
grown  on  heavy  cla}'^  or  mixed  soils.  Differences  are  also  caused  bj^ 
weather  conditions  at  harvest  time.     A  wet  straw  causes  greater  loss 


a  Jour.  .Soc.  Chemical  Industry,  Fobnwry  28,  1894,  i».  lui. 
ft  For  February  28,  1901,  p.  148. 
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and  makes  a  poorer  quality  of  board.  The  driest  material  comes  from 
that  in  the  lofts  of  barns,  while  straw  from  stacks  is  iisuall}'  damp. 
It  is  stated  that  baled  straw  is  more  moist  than  loose  straw. 

Of  the  48  per  cent  of  cellulose  in  wheat  straw,  about  80  per  cent  is 
saved  by  present  means  of  manufacture  of  strawboard.  The  machinery 
and  methods  employed  have  not  changed  materially  for  many  years, 
and  there  seems  to  be  little  prospect  of  greater  economy  being  prac- 
ticed.    The  reasons  for  this  are  discussed  later  in  this  paper. 

STEAMING  IN  ROTARIES. 

The  process  employed  in  the  United  States  is  as  follows: 
The  straw  is  fii*st  subjected  to  a  cooking  process  by  steam  and  lime. 
A  large  ellipsoidal  rotating  steel  boiler  called  a  *' rotary,"  shown  in 
PI.  I,  A^  is  filled  with  straw,  which  is  then  cooked  down  with  steam, 
then  again  filled  and  cooked  down  until  the  rotary  boiler  has  been 
completely  filled.  The  process  of  filling  a  rotary  occupies  from  six  to 
twelve  hours.  The  final  charge  consists  of  about  6  tons  of  straw  and 
30  bushels,  or  2,100  pounds,  of  lime  in  the  form  of  milk.  This  mixture 
is  then  rotated  and  cooked  under  40  pounds  of  steam  pressure  for  twelve 
hours.  PI.  I,  A,  shows  the  steam  line  extending  through  one  of  the 
trunnions  and  the  worm  gear  which  rotates  the  C3'linder.  This  appar- 
ently severe  chemical  and  mechanical  action  results  in  a  rapid  soften- 
ing of  the  woody  fiber  and  in  the  reduction  of  the  straw  to  a  dark- 
yellow,  pulpy  mass.  This  ^' stock,"  as  it  is  called,  is  stacked  in  piles 
10  to  15  feet  high  to  drain.  Concerning  the  action  which  takes  place 
in  the  rotaries,  the  Journal  of  the  Society  of  Chemical  Industry  says:^' 

The  chemical  action  of  the  milk  of  lime  on  the  encrusting  materials  surrounding 
the  straw  fiber  is  not  a  vigorous  one.  These  encrusting  materials  are  not  completely, 
nor  indeed  to  a  great  extent,  separated  from  the  cellulose.  The  mineral  matter 
remains  in  the  product  practically  untouched,  and  if  any  less  quantity  than  that 
corresponding  to  the  percentage  in  the  original  straw  operated  upon  exists  in  the 
prepared  pulp,  it  is  due  rather  to  the  washing  after  digestion  than  to  any  solvent 
action  of  the  milk  of  lime.  Milk  of  lime  under  certain  conditions  has  a  bleaching 
action  upon  the  straw.  It  neutralizes  the  organic  acids  usually  found  when  fibrous 
plants  are  heated  for  any  length  of  time  in  the  presence  of  water. 

The  yield  of  pulp  at  this  point  will  be  from  75  to  80  per  cent  of  the 
weight  of  the  original  material. 

PI.  I,  B^  shows  the  rotaries,  charged  from  the  floor  above,  and  the 
elevators  that  carry  the  stock  from  the  rotaries  and  dum^  it  in  the 
piles  shown  in  the  foreground.  At  the  extreme  left  is  an  endless-chain 
elevator  which  carries  the  stock  to  the  beater  room. 

The  material  is  allowed  to  stand  in  these  piles  for  twenty-four  hours 
or  more  to  drain.  After  it  is  thus  drained  it  contains  about  50  per  cent 
of  water  and  from  6  to  7  per  cent  of  lime.  This  is  equivalent  to  from 
12  to  14  per  cent  of  lime  in  the  dr}'  straw.     Since  the  original  charge 

a  For  February  28, 1894,  p.  101. 
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of  lime  and  straw  was  in  the  proportion  of  2,100  pounds  of  lime  to 
14,100  pounds  of  straw  and  lime,  or  about  14  per  cent  lime,  practically 
none  of  the  latter  has  drained  out  with  the  condensed  steam.  This 
drainage  from  the  stock  piles  forms  hut  a  small  part  of  the  waste 
sewage.  It  is  straw  colored  and  very  turbid,  carrying  a  small  quan- 
tity of  fiber  broken  fine  in  the  rotaries. 

WASHING. 

This  process  is  much  more  drastic,  and  it  is  here  that  the  great 
volume  of  waste  is  produced. 

The  stock  is  run  through  washing  machines  for  the  purpose  of 
removing  the  lime.  A  row  of  washers  in  operation  is  shown  in  PI.  U,  A. 
At  the  left  is  the  chute  from  the  conveyor  above,  down  which  the  stock 
is  fed.  To  the  right  of  the  chute  are  the  water  pipes.  The  washing 
machine  consists  of  an  oval  channel  about  3  feet  wide,  around  which 
the  stock  travels,  being  supplied  with  copious  volumes  of  water.  Across 
this  channel  is  placed  a  cylinder,  42  inches  in  diameter  and  42  inches 
long,  having  longitudinal  ribs  or  flanges  about  three-fourths  of  an  inch 
square  in  section  and  three-fourths  of  an  inch  apart.  Meshing  with 
this,  like  the  teeth  of  geared  wheels,  is  an  idler,  below,  of  similar  size 
and  form.  These  wheels,  revolving,  lift  the  water  and  straw  to  a  level 
several  inches  higher  than  that  in  the  oval  channel,  whence  it  flows  by 
gravity  halfway  around  its  course  to  a  point  where  it  meets  a  revolv- 
ing brass  screen  of  fine  mesh,  through  which  a  part  of  the  water  esc^apes, 
carrying  with  it  the  finer  particles  of  fiber  and  free  lime.  The  remaining 
straw,  with  additional  volumes  of  fresh  water,  now  passes  many  times 
through  the  rolls,  which  further  mash  and  break  the  fiber,  and  around  to 
the  screen,  where  more  straw,  lime,  and  water  escape.  The  total  waste 
is  enormous.  It  now  takes  about  40,000  gallons  of  water  to  wash  1  ton 
of  straw.  About  3,200  pounds  of  straw  and  560  pounds  of  lime  are 
required  to  make  2,000  pounds  of  board.  A  small  amount  of  lime 
remains  in  the  board;  hence  1,200  pounds  of  straw  and  about  500 pounds 
of  lime  are  washed  out  by  the  40,000  gallons  of  water.  An  idea  of  the 
volume  of  waste  may  be  conveyed  b}'^  giving  the  capacity  of  an  average 
mill.  Such  a  plant  uses  50  tons  of  straw  and  nearly  10  tons  of  lime 
during  every  twenty-four  hours.  From  1,000,000  to  2,000,000  gallons 
of  water  are  employed  in  the  rotaries,  washers,  and  vats.  This  volume 
of  water  carries  away  with  it  about  19  tons  of  the  stiuw  and  practi- 
cally all  of  the  10  tons  of  lime  each  twenty-four  hours. 

DRYING. 

After  the  washing  process  the  straw,  with  a  considerable  volume  of 
water,  is  led  to  a  train  of  rolls,  consisting  of  three  parts — first,  the 
wet  end;  second,  the  hot  rolls;  third,  the  trimming  and  cutting 
machine.     As  it  comes  from  the  washers  the  material  is  run  into  vats, 
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where  it  is  mixed  with  large  quuDtities  of  water  and  passed  over 
hollow  cylinders  having  fine  wire-cloth  faces,  which  allow  the  water 
to  escape,  leaving  the  fiber  on  the  surface  of  the  cylinder.  The  fil>er 
is  then  taken  by  woolen  felts,  which  are  pressed  down  on  the  surface 
of  the  cylinder.  This  makes  a  web  of  paper  on  the  felt.  The  pulp, 
which  is  now  about  one-third  straw  and  two-thirds  water,  travels  up 
and  down,  over  and  under  a  double  train  of  hot  rolls,  heated  by  steam 
that  is  carried  in  through  hollow  bearings.  As  the  pulp  passes  on 
through  the  train  it  is  constantly  prevssed  and  dried,  until  finally  it  is 
separated  from  its  cloth  support  and  goes  to  the  trimming  machine, 
wher^  it  is  cut  into  sheets  of  proper  size.  It  now  contains  about  10 
per  cent  of  water  and  a  small  quantity  of  lime.  The  board  is  manu- 
factured in  many  thicknesses  and  weights.  Just  before  it  is  trimmed 
it  muy  be  coated  on  one  or  both  sides  with  a  thin  paper  facing  or 
finish. 

METHODS  OF  DISPOSAL.  OF  WASTE. 

The  waste  liquors  from  the  rotaries  and  washers,  and  that  from  the 
vats  where  it  is  not  used  over  again  in  the  washers,  are  run  together 
and  discharged  into  a  trough  or  ditch,  leading  in  some  cases  to  a  neigh- 
boring stream.  The  effect  of  these  wastes  upon  the  stream  depends 
upon  its  character  and  volume.  As  many  Indiana  rivers  flow  over 
limestone  beds,  their  water  is  hard,  carrying  16  to  20  grains  of  lime 
per  gallon.  But  the  waste  liquor  from  a  strawboard  mill  contained  in 
one  case  a  minimum  of  66  grains  per  gallon  (an  amount  which  has 
recently  been  doubled  by  a  decrease  in  the  quantity  of  water  used), 
and  in  some  cases,  where  wash  water  is  not  plentiful,  the  quantit}'  of 
lime  reaches  200  or  more  grains  per  gallon.  In  order  to  reduce  the 
quantity  of  lime  to  40  grains  per  gallon  the  minimum  stream  flow 
would  need  to  be  about  ten  times  the  volume  of  water  employed 
in  the  process.  This  would  require  a  stream  that  discharged,  in  time 
of  drought,  from  10  to  20  million  gallons  in  twenty-four  hours.  This 
limits  the  number  of  sti-eams  upon  which  such  mills  can  be  operated 
in  the  present  manner  without*  nuisance,  to  a  few  rivers  in  each  State. 

On  account  of  the  clearing  of  forests,  artificial  drainage,  and  irreg- 
ularities of  rainfall  the  flow  of  Indiana  tributaries  becomes  extremely 
low  in  the  late  summer  and  fall.  Some,  indeed,  cease  to  be  more  than 
isolated  ponds,  the  water  seeping  through  the  gravel  beds.  Under 
these  circumstances,  if  not  under  normal  conditions,  the  discharge  of 
sludge  into  a  stream  produces  results  that  demand  very  serious  con- 
sideration. The  straw  waste,  when  deposited  on  flats  from  which  the 
water  has  receded,  decomposes  very  slowly,  its  decay  being  in  part 
retarded  by  the  presence  of  lime  and  silica.  Remsen  sa3's  that  as 
much  as  78  per  cent  of  the  ash  of  wheat  straw  is  silica.  As  the  analy- 
ses given  in  table  4  (p.  27)  show,  the  quantity  of  ammonia  present 
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in  the  waste  is  very  large,  and  this  is  undoubtedly  the  principal  cause 
of  the  very  slow  decomposition. 

At  some  places  the  solid  part  of  the  waste  has  been  heaped  on  lar^e 
tmcts  of  land.  In  these  cases  the  stench  produced  has  been  carried 
by  the  wind  for  a  considerable  distance,  causing  a  nuisance. 

Mr.  Sweeney,  commissioner  for  fisheries  and  game  for  Indiana,  in 
his  biennial  report  for  1901  and  1902,  speaking  of  the  conditions  which 
tend  to  destroy  fish,  says,  on  page  11: 

Greater  than  all  other  artificial  means  is  the  pollution  of  our  streams  with  the 
refuse  from  strawboard  mills,  oil  wells,  and  pulp  mills.  This  refuse  covers  the 
spawning  beds  and  prevents  the  eggs  from  hatching,  while  it  penetrates  the  gills  of 
the  living  fish  and  kills  or  drives  them  from  the  streams. 

The  quantity  of  lime  would  in  some  cases  be  such  as  to  kill  the  fish 
if  the  stmw  did  not.  Game  fish  are  not  to  be  found  in  polluted  waters. 
Thus  the  interests  of  the  State  enter  into  the  question  of  stream  pollu- 
tion by  sfrawboard  mills. 

In  other  cases  the  method  of  disposal  has  been  modified  by  running 
the  waste  into  a  series  of  beds  scooped  out  of  a  gravel  bottom  land. 
Here  the  straw  and  lime  slowlj  settle,  the  water  filtering  through  the 
subsoil  and  finding  its  way  to  the  neighboring  creek.  But  the  great 
quantity  of  straw  waste  soon  clogs  such  natural  filters  as  have  been 
tried.  High  water  is  depended  on  to  wash  the  refuse  out  of  the  beds, 
whence  it  is  deposited  on  other  lands  below;  so  that  the  method  is 
only  a  makeshift. 

What  a  carefully  constructed  settling  and  filtering  plant  may  accom- 
plish has  not  yet  been  determined.  During  the  summer  of  1903  the 
American  Strawboard  Company  built  at  one  of  its  factories  a  series 
of  basins,  shown  in  PI.  II,  B^  PI.  Ill,  and  fig.  1.  Basins  Nos.  1  to  6, 
fig.  1,  average  an  acre  each,  while  No.  6  is  about  2  acres  in  area. 
Levees  from  4  to  6  feet  high  were  built,  so  that  the  basins  could  be 
filled  to  a  depth  of  about  5  feet.  From  the  old  ditch  which  is  shown 
in  fig.  1  a  spout  was  constructed  to  conduct  the  waste  into  basin  No.  1. 
From  this  basin  it  flows  diagonally  U}  a  weir  at  the  opposite  corner, 
where  it  enters  basin  No.  2.  The  flow  is  diagonally  across  each  basin 
to  the  next  in  order  through  the  series,  to  No.  5  or  No.  6.  From 
basin  No.  5  a  gate  leads  to  filter  No.  1,  and  from  basin  No.  6  a  similar 
gate  leads  to  filter  No.  2.  These  filters  have  lines  of  8-inch  tile  laid  25 
feet  apart  and  covered  with  2  feet  of  gravel.  The  underdrains  lead 
to  the  open  ditch  between  the  two  filters.  Each  basin  has  a  gate  lead- 
ing to  the  river,  so  that  the  waste  can  be  run  through  any  number  of 
settling  basins  and  then  into  the  river  or  through  the  filters.  The 
waste  was  turned  into  basin  No.  1  in  the  early  summer.  When  it  had 
filled,  the  overflow  ran  into  basin  No.  2,  and  so  on,  basin  No.  6  being 
filled  in  late  summer. 
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It  seems  inevitable  that  in  time  there  will  be  a  large  deposit  of  straw 
and  lime,  which  will  have  to  be  scraped  off  the  basins  and  filters  and 
carted  away.  Seepage  through  the  walls  and  bottoms  of'  the  basins 
will  decrease  and  the  filters  will  clog  until  the  efficiency  has  reached  an 
unsatisfactory  point.    The  period  of  time  which  will  elapse  before 
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Fio.  1.— Plan  of  strawboard  settling  badn. 

this  condition  arises  and  the  effectiveness  of  months  of  sedimentation, 
with  or  without  filtration,  will  not  be  known  until  a  season  has  passed. 
At  one  of  its  plants  the  American  Strawboard  Company  used  a 
trough-shaped  device  for  separating  the  fine  straw  from  the  waste 
water.     A  vat  16  feet  long  was  constructed,  the  end  view  of  which 
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was  practically  an  equilateral  triangle.  The  waste  as  it  came  from 
one  of  the  washers  was  discharged  into  this  vat,  so  that  the  water 
started  downward,  then  turned  upward  through  a  screen,  leaving  the 
straw  to  continue  downward.  The  screens  clogged  in  the  course  of 
time  and  had  to  be  cleaned  by  hand.  The  vat  held  about  7,000  gallons 
and  treated  70,000  gallons  in  twenty-four  hours. 

As  the  waste  passed  from  the  washers  to  the  vat  the  analysis  was  as 
indicated  in  the  first  column,  and  the  analysis  as  the  water  came  from 
the  vat  is  recorded  in  the  second  column. 

Analyses  ofslrawboard  waste  before  and  after  passing  from  vxishers  to  vai. 

[In  ports  per  100,000.] 


Suspended  matter: 
Organic  matter. . 
Inorganic  matter 

Total  residue. . 

Total  solids: 

Organic  matter . . 
Inorganic  matter 

Total  residue.. 

Calcium 


Before. 

After. 

565.7 
393.1 

188.6 
123.3 

958.8 

312.5 

1,294.5 
661.8 

528.5 
244.3 

1,956.3 

772.8 

510.5 

204.8 

It  will  be  seen  that  the  vat  removes  about  66  per  cent  of  the  sus- 
pended matter.  The  latter  is,  however,  abnormally  high,  and  the 
effluent  still  contains  312.5  parts  per  100,000 — five  to  ten  times  what 
it  should  before  passing  to  a  stream.  Increasing  the  size  of  vat  and 
decreasing  the  rate  of  flow,  with  some  changes  of  design  in  order  to 
emphasize  the  upward-flow  principle,  might  lead  to  a  design  which 
would  be  suflScient  where  the  stream  flow  and  dilution  w^ere  high. 

No  bacterial  treatment  such  as  is  employed  in  the  purification  of 
sewage  will  avail  in  this  case,  as  the  treatment  with  lime  and  steam 
in  the  rotarios  destroys  all  the  bacteria  present.  A  considerable  period 
must  elapse  for  the  cultivation  of  such  organisms. 

EXPERIMENTS  ON  DISPOSAL  OF  WASTE. 

To  determine  the  possibility  of  other  and  more  efficient  methods  of 
disposal  than  those  just  outlined,  the  author  was  appointed  to  take 
charge  of  a  series  of  experiments  on  strawboard  waste  and  to  report 
their  results  to  the  United  States  Geological  Survey.  His  instructions 
were  to  study  the  process  of  manufacture,  analyze  the  waste  liquor, 
and  find  the  efficiency  and  cost  of  various  methods  of  disposal,  in  order 
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that  some  recommendation  might  be  made  to  the  authorities  or  to  the 
manufacturers  when  circumstances  should  demand  a  change  in  the 
method  of  disposal. 

The  expense  is  a  very  important  item,  as  it  is  easy  to  find  a  method 
of  treatment  by  which  the  waste  can  be  purified,  but  the  cost  would 
prevent  the  operation  of  the  mill.  Other  methods  will  clarify  the 
waste,  but  leave  the  water  extremely  hard,  thus  accomplishing  but 
half  the  purpose.  Theoretically,  the  liquid  which  eventually  flows 
into  the  stream  ought  not  to  be  harder  than  the  normal  stream — a  con- 
dition extremely  difficult  to  fulfill  by  commercial  methods.  Likewise, 
the  total  solids  should  not  be  above  an  average  amount  contained  in 
natural  waters. 

METHODS  OF  PURIFICATION. 

There  are  three  general  methods  of  treatment  for  the  purification  of 
polluted  water — sedimentation,  filtration,  and  chemical  precipitation. 

SEDIMENTATION. 

This  process  consists  of  letting  the  liquid  stand  for  a  period  of  time 
long  enough  to  allow  the  matter  held  in  suspension  to  settle  to  the 
bottom.  There  is  no  chemical  action  involved,  but  since  organic  as 
well  as  inorganic  matter  may  be  settled,  future  chemical  changes  are 
possible.  The  hardness  or  acidity  will  not  be  changed.  The  rapidity 
and  efficiency  of  the  process  depend  on  the  specific  gravity  of  the  sus- 
pended matter.  Silt  will  settle  quickly,  and  this  process  is  frequently 
used  to  remove  such  objectionable  material  from  water  supplies. 

In  the  case  of  strawboard  wastes,  the  particles  of  straw  are  so  fine 
and  the  specific  gravity  is  so  slightly  above  unity  that  the  downward 
motion  is  very  slow.  A  jar  10  inches  high  will  settle  about  10  per 
cent  of  its  solid  matter  in  twenty-four  hours.  In  twenty-four  hours 
more  the  change  is  very  slight.  At  the  end  of  twenty-four  hours, 
color,  turbidity,  odor,  and  taste  are  about  the  same  as  before  such 
treatment.  The  storage  capacity  required  for  twenty-four  hours'  set- 
tling would  be  twice  the  capacity  of  the  mill.  To  settle  forty -eight 
hours  reservoirs  that  would  contain  three  times  the  volume  of  refuse 
would  be  required,  and  so  on.  From  2,000,000  to  4,000,000  gallons' 
storage  would  be  needed  for  such  treatment. 

Even  with  still  longer  periods  of  sedimentation  the  hardness  would 
remain  practically  unchanged,  as  the  only  lime  precipitated  would  be 
due  to  the  CO,  absorbed  from  the  atmosphere. 

FILTRATION. 

The  process  next  to  be  described,  and  one  now  very  frequently  used 
in  the  purification  of  water  supplies  and  of  sewage,  is  filtration.  The 
water  is  allowed  to  pass  slowly  through  a  bed  of  charcoal,  coke,  furnace 
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slag,  or  sand.  The  process  is  partly  a  screening  one,  but  under  proper 
conditions  a  very  efficient  bacterial  action  takes  place,  in  which  the 
healthful  bacteria  assist  in  reducing  the  organic  matter  to  its  constit- 
uent elements.  BaciUua  coli-communis — the  biological  index  of  sew- 
age pollution — disappears,  and  not  only  suspended  matter  but  the 
amount  of  chlorine  is  reduced,  and  the  number  of  bacteria  per  cubic 
centimeter  is  decreased  by  from  95  to  99  per  cent  of  the  number 
present  in  untreated  water. 

There  are  two  kinds  of  filters,  mechanical  and  slow  sand  filters.  In 
the  former  the  rate  of  flow  is  higher  and  frequent  cleansing  is  neces- 
sary, while  in  the  sand  bed  the  rate  of  filtration  is  much  le^s  and  the 
filter  purifies  itself  in  part  while  resting  or  while  in  action.  If  the 
surface  becomes  clogged,  occasional  rakings  are  necessary  in  order  to 
remove  the  clogged  surface  and  restore  it  to  its  normal  state. 

CHEMICAL    PRECIPITATION. 

In  this  process  the  liquid  is  treated  with  a  previously  determined 
quantity  of  some  chemical  which  will  cause  a  reaction  involving  the 
production  of  a  solid  in  the  form  of  grains  or  flakes.  As  the  precipi- 
tant has  a  specific  gravit}^  greater  than  water,  it  falls  and  drags  down 
with  it  other  solids.  The  rapidity  o"f  its  action  depends  on  the  proper 
proportioning  and  mixing  of  the  agents  employed  and  on  the  weight 
of  the  particles  and  their  size.  A  flocculent,  heavy  precipitate  rap- 
idly carries  down  with  it  a  large  proportion  of  the  organic  and  inor- 
ganic matter  that  has>been  held  in  suspension. 

Such  processes  are  usually  continuous;  the  fluid  to  be  treated  and 
the  reagent  are  automatically  mixed  and  fed  in  at  the  bottom  of  the 
tank,  the  current  being  upward.  The  purified  liquid  is  taken  from 
the  top  of  the  tank  and  the  precipitated  sludge  is  drawn  from  the 
bottom.  Certain  limitations  have  been  found  in  the  successful  oper- 
ation of  the  upward-flow  principle.  Hans  Benedikt,  in  Die  Abwasser 
der  Fabriker  (Trade  Waste),  states  that  the  normal  downward  velocity 
of  suspended  matter  in  still  water  must  be  at  least  2  millimeters  per 
minute.     He  also  says: 

If  it  be  desired  to  perfectly  clarify  by  deposition,  on  the  upward  continuous  flow 
principle,  water  which  is  naturally  charged  with  suspended  matter,  or  by  the  addi- 
tion of  precipitants,  a  transverse  section  of  more  than  0.002  X  60  =  8.33  square 
meters  is  required  to  obtain  1  cubic  meter  per  hour  of  clear  water,  in  onier  that 
the  upward  velocity  of  the  water  may  be  less  than  the  downward  velocity  of  the 
particles. 

The  chemicals  most  frequently  employed  in  water  purification  are 
alum,  sulphate  of  iron,  lime,  copperas,  and  combinations  of  these.     It 
is  very  important  that  the  proportion  of  coagulant  be  always  correct, 
else  either  the  action  is  not  completed  or  unnecessary  waste  results  * 
from  overcharging. 
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CoAGULAirrB  Used. 

The  series  of  investigations  was  begun  by  using  small  quantities  of 
waste  liquor — from  50  to  100  cubic  centimeters — and  trying  the  effects 
of  various  chemicals  in  different  quantities. 

ALUM. 

The  effect  of  alum  was  rapid,  showing  that  it  is  a  very  satisfactory 
coagulant.  The  liquid  was  left  slightly  turbid  and  with  some  odor. 
The  hardness  was  not  affected.    The  chemical  action  was  as  follows: 

3CaO,H,-fAl,(804),+K,S04+24H,0=3CaS04+Al,0,H«+K^04-i-24H,0. 

The  quantity  of  alum  is  to  the  quantity  of  calcium  oxide  as  948  is 
to  168.  About  112,000  pounds  of  alum  is  needed  daily  to  treat  waste 
water  containing  19,800  pounds  of  lime  and  straw. 

The  usual  process  for  producing  alum,  or  sulphate  of  alumina,  is  to . 
treat  the  mineral  bauxite  with  sulphuric  acid.  In  England  some  mills 
have  found  it  very  cheap  to  make  the  necessary  quantity  in  their  own 
plant  The  resulting  cake,  according  to  Naylor  in  Trade  Waste,  page 
21,  is  36  per  cent  sulphate.  The  cost  is  $4.70  per  short  ton  of  prod- 
uct or  ¥13.40  per  ton  of  pure  sulphate. 

In  the  United  States,  on  account  of  the  excessive  cost  of  bauxite 
and  sulphuric  acid,  commercial  sulphate  57  per  cent  pure  will  cost 
about  $16  per  ton  delivered,  or  $28  per  ton  of  pure  sulphate  delivered. 
The  daily  expense  for  56  tons  would  be  $1,568.  This  cost  of  partial 
purification,  omitting  other  items,  would  absolutely  prevent  the  opera- 
tion of  any  mill  consuming  50  tons  of  straw  a  day. 

Not  onl}'^  is  the  expense  objectionable,  but  the  quantity  of  lime  in 
the  water,  making  the  water  permanently  hard,  must  be  reduced,  else 
the  process  is  not  satisfactory. 

SULPHATE  OF   IRON. 

Ferrous  sulphate  is  used  in  water-purifying  processes,  giving  a 
dark-brown  precipitate.  The  action  is  rapid  and  the  clarification  sat- 
isfactory. The  use  of  one  atom  of  iron  for  each  molecule  of  calcium 
oxide  present  in  the  water  produces  the  following  reliction: 

CaOaFIj+FeS04=CaSO,  f  FeOJI,. 

■ 

When  the  proper  amount  of  ferrous  sulphate  is  added  to  100  cubic 
centimeters  of  strawboard  liquor  the  precipitation  is  almost  instanta- 
neous, and  in  five  minutes  the  solid  portion  lies  at  the  bottom  in  a 
brownish  cake.  The  liquid  above  is  very  clear,  having  only  a  slight 
greenish  tinge. 

Since  a  daily  output  of  19,800  pounds  of  lime  is  assumed  as  a  work- 
ing basis,  in  order  to  make  the  comparison  of  cost  apply  to  a  particu- 
lar mill  19,800  pounds  of  iron  would  be  needed  and  34,700  pounds  of 
sulphuric  acid. 
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The  proper  process  would  be  to  treat  scrap  iron  with  sulphuric  acid 
in  a  reservoir.    The  expense  would  be — 

19,800  pounds  iron,  at  17.50  per  ton  of  2,000  pounds $75 

34,700  pounds  Bulphuric  acid  (H,S04),at|12  perton 208 

Cost  of  treatment 283 

The  same  objections  apply  to  the  use  of  sulphate  of  iron  as  to  alum. 
The  expense  is  too  great,  and  lime*  remains'  in  the  form  of  CaSO^, 
which  leaves  the  permanent  hardness  very  high. 

Instead  of  using  sulphate  of  iron  as  above  produced,  the  crude  sul- 
phate, coppeitis,  a  by-product  of  certain  processes,  can  be  employed. 
It  is  25.9  per  cent  ferrous  oxide  and  28.7  per  cent  sulphur  triox- 
ide  (SO3).  Roughly,  4  tons  of  copperas,  at  $9  per  ton  delivered, 
would  treat  1  ton  of  lime.  For  19,800  pounds  of  lime  nearly  40  tons 
of  copperas  would  be  required,  at  a  cost  of  $360  daily.  While  this 
process  would  be  more  economical  than  the  use  of  sulphate  of  iron, 
when  all  items  of  expense  are  figured,  still  the  cost  is  excessive  and 
the  process  impossible  as  a  general  treatment  for  all  the  waste  from 
a  strawboard  mill. 

LIMB. 

Lime  is  one  of  the  most  common  coagulants  used  in  clarifying  drink- 
ing waters.  The  usual  stream  carries  a  small  amount  of  carbon 
dioxide,  which  combines  with  from  5  to  10  grains  of  calcium  oxide  to 
form  calcium  carbonate,  which  precipitates  in  tine,  white  particles, 
dragging  down  such  organic  and  inorganic  solids  as  may  be  held  in 
suspension. 

This  process  fails  in  treating  strawboard  refuse  because  the  liquor 
is  already  many  times  overcharged  with  lime,  by  a  part  of  which  the 
little  CO2  that  was  in  the  water  has  been  greedily  used  and  the  remain- 
ing lime  is  seeking  more.  The  addition  of  milk  of  lime  does  not  pro- 
duce perceptible  action. 

CARBON   DIOXIDE. 

The  facts  above  mentioned  led  at  once  to  the  conclusion  that  carbon 
dioxide  must  be  fed  to  the  waste  liquor.  On  appW ing  the  computed 
amount  of  COj,  it  was  found  that  but, little  precipitation  actually 
occurred.  The  reason  for  this  may  be  stated  as  follows:  (1)  CaO-|- 
HjO^CaOjHg,  or  the  lime  in  the  waste  liquor  is  in  the  form  of  calcium 
hydroxide.  (2)  On  applying  CO,,  CaO,H,+Cn,=CaC03+H,0,  pre- 
cipitation by  CO2,  occurs;  but  at  the  same  time  the  lime  is  redissolved, 
as  follows:  (3)  CaC03+HgO+COjj=^HjCa(CO.,)jj,  making  a  bicarbonate 
of  lime.  No  precipitation  has  yet  occurred.  But  if  to  the  double  car- 
bonate of  lime  we  add  milk  of  lime  the  following  action  takes  place: 
(4)  H,Ca(C03)j+Ca(),Ha = 2CaC03+2H20.  Reprecipitation  now  takes 
place,  carrying  down  the  straw  and  calcium.  The  fiakes  are  very  large 
and  the  downward  velocity  is  exceptionally  rapid.     In  five  minutes  tlie 
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liquor  has  cleared  at  the  top  and  in  twenty  minutes  the  process  is 
completed. 

CARBON  DIOXIDC  AND  MILK  OF  LIMB. 

As  above  indicated,  it  is  not  sufficient  to  apply  limewater  or  carbon 
dioxide  alone,  but  upon  first  saturating  the  liquor  with  CO,  and  then 
supplying  the  proper  amount  of  milk  of  lime  the  result  is  very  satis- 
factory. It  will  be  observed  that  not  only  is  the  stmw  removed,  but 
the  water  comes  out  soft;  that  is,  the  calcium  also  is  removed.  None 
of  the  previous  treatments  will  precipitate  the  lime. 

It  is  observed  that  the  amount  of  CO,  required  for  the  previous 
reactions  is  two  molecules  per  atom  of  calcium  in  the  waste  liquor. 

From  (4)  it  appears  that  the  amount  of  calcium  added  as  milk  of 
lime  equals  the  amount  present  in  the  waste  liquor.  Assuming  that 
the  finished  strawboard  does  not  contain  more  lime  than  is  in  the  river 
water  used,  there  are  needed  19,800  pounds  of  lime  as  precipitant. 

The  following  analyses,  made  by  E.  J.  Maoy  under  the  direction  of 
Prof.  W.  D.  Collins,  at  Earlham  College,  will  present  the  important 
facts  in  concrete  form: 


Table  3. — Residue  contained  in  strawboard  waMe.  liquor. 
[In  grams  per  100,000  cubic  centimeters.] 


Total  residne 

Gombostible  residne 
Absolute  residue  . . . 


Raw  IJquor. 


QravM. 
293.66 
134.63 
159. 03 


After  precipitation  with 
COg  and  milk  of  lime. 


Filtered  af- 
ter settling 
1  hour. 


QraiM. 

137.59 
65.63 
71.50 


Filtered  af- 
ter settling 
24  hours. 


QraxM. 
33.326 
31.250 
1.800 


The  absolute  residue  is  a  white  powder,  principally  calcium  oxide. 

The  above  results  were  obtained  by  treating  350  cubic  centimeters 
in  a  tube  seven-tenths  of  a  meter  high.  This  form  was  chosen  in 
order  to  approximate  the  depth  of  tank  which  might  be  employed  on 
a  larger  scale.  The  proportions  of  height  to  cross  section  were  not 
those  which  would  be  used  commercially,  and  hence  the  fall  of  par- 
ticles was  hindei-ed  much  more  by  friction  against  the  sides  of  the 
vessel  than  they  would  have  been  in  a  larger  container.  After 
settling  one  hour,  53  per  cent  of  the  total  solids  are  removed  and  55 
per  cent  of  the  absolute  residue,  principally  lime.  After  settling 
twenty-four  hours,  89  per  cent  of  the  total  solids  are  removed  and  98.8 
per  cent  of  the  absolute  residue. 
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EXPERIMENT  STATION. 
A  light  structure,  8   by  12  feet  in  plan  and   14  feet  high,  with 
lliree  stories  or  platforms,  was  ei-ected  on  the  grounds  of  Earlham 
College,  Richmond,  Ind.,  for  the  treatment  of  strawboard  waste  in 
larger  quantities.     The  filters  were  on 
the  lower  platform  and  were  provided 
with  sewer  connection.     Above  the  plat- 
form was  the  barrel  in  whioh  the  precipi- 
tants  were  added  to  a  given  quantity  of 
liquor.     On  the  upper  platform  was  the 
lime  water  and  a  tank  for  generating  gaa 
under   sufficient    pressure    to   force    it 
against  a  head  of  3  feet  of  water. 

The  gas  tank  consisted  of  a  steel  cylin- 
der with  a  screw  top  closing  on  a  gasket. 
A  valve  connection  was   made   at   the 
upper  end  and  a  standpipe  by  which  to 
add  acid.     The  tank  was  charged  with  a 
quantity  of  limestone.     Then  the  proper 
amount  of  hydrochloric  acid  was  turned 
down  on  the  limestone  from  a  reservoir 
within  the  tank.     The  quantity  of  acid 
was  made  sufficient  to  generate  and  to 
deliver  to  the  waste  the  required  amount  of  CO,.     A  charge  of  35 
gallons  of  waste  as  fresh  as  could  be  obtained  was  saturated  with  CO,, 
the  gas  being  distributed  through  the  waste  by  means  of  holes  in  a  coil 
of  half-inch  gas  pipe  placed  near  the  bottom  of  the 
tank.     (See  fig.  2.)    The  coil  could  be  raised  or 
lowered,  and,  as  was  expected,  the  best  results  were 
obtained  with  the  gas  distributor  as  low  as  possible. 
The  limewater  was  discharged  through  perfo- 
rated pipes,  shown  in  fig.  3,  radiating  from  a  central 
vertical  main.     The  holes  were  arranged  in  such 
manner  as  to  cause  a  swirl  of   the  waste,  which 
produced  a  very  thorough  mixture. 

The  order  of  procedure  was,  first,  to  measure  a 
certain  amount  of  waste  in  the  calibrated  precipi- 
tation tank;  second,  to  charge  the  gas  generator 
which  delivered  the  proper  amount  of  CO,  in  about 
ten  minutes,  and  to  apply  the  limewater— about  5 
gallons.  The  resulting  action  was  immediate.  A 
heavy  cloud  of  large  particles  formed  and  began  a 
descent  which  indicated  a  specific  gi-avity  much  trfbutor.  ' 

krger  than  unity.  The  surface  began  to  clear  at  once,  and  after  settling 
from  five  to  thirty  minutes  the  process  of  siphoning  the  clarified  liquor 
onto  the  niter  below  was  begun. 
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The  filters  consisted  of  barrels  filled  with  varying  quantities  of 
coarse  gravel,  fine  gravel,  and  sand.  These  were  operated  at  different 
rates,  and  the  efficiencies  were  determined  from  analyses.  Samples  of 
the  effluent  and  of  the  filtrate  were  taken  from  each  barrel,  and  the 
results  are  recorded  in  table  4  (p.  27).  These  samples  were  taken  when 
about  one-half  of  the  barrel  had  been  treated.  Five  gallons  of  sludge 
were  left  in  the  bottom  of  the  precipitation  tank.  This  was  a  thick, 
sirup-like  mass  of  dark-yellow  straw,  slightly  whitened  by  the  excess 
of  lime  that  was  sometimes  present  when  a  surplus  of  milk  of  lime 
was  used. 

Two  molecules  of  carbon  dioxide  are  required  for  each  molecule  of 
lime  present.  The  strawboard  company  reported  that  2,(XK),0()0  gal- 
lons of  water  were  used  to  carry  away  the  19,800  pounds  of  lime 
wasted.  This  is  equivalent  to  66  grains  per  gallon,  or  about  100 
parts  per  100,000.  The  quantity  of  CO,  needed  was,  presumably, 
200  parts  per  100,000  of  waste. 

An  amount  of  lime  should  be  added  equal  to  that  present  in  the 
waste,  or  the  total  lime  thrown  down  should  be  about  200  parts  per 
100,000.  As  shown  in  table  3  (p.  23),  the  absolute  residue  in  one  sample 
of  untreated  strawboard  waste,  taken  at  random,  was  159.13  parts  per 
100,000,  showing  an  increase  of  50  per  cent  in  the  proportion  of  lime. 
There  is  some  variation  in  the  quantity  of  lime  used,  depending  on 
the  quality  of  the  straw,  and  a  still  greater  range  in  the  volume  of 
water  wasted. 

A  standard  treatment  was  decided  upon,  in  which  the  proportions 
were  200  parts  of  COg  and  5  gallons  of  limewater  (or  about  150  parts 
of  lime)  to  100,000  parts  of  waste.  The  color  of  the  solid  matter 
thrown  down  showed  that  the  precipitante  were  sometimes  used  in 
excess. 

DESCRIPTION  OF  EXPERIMENTS. 
SINGLE   BARREL  TESTS. 

Tests  were  first  made  by  single  barrels,  in  the  manner  and  with  the 
results  shown  below: 

Barrel  No.  i. 

Thirty  gaUons  of  waste. 

Carbon  dioxide  equal  to  200  parts  per  100,000. 

Five  gallons  of  limewater. 

Stirred  and  allowed  to  settle  thirty-five  minutes. 

Siphoned  30  gallons  off  in  thirty  minutes  onto  filter  composed  as 
follows:  A  barrel  with  9  inches  of  very  coarse  gravel  in  the  bottom; 
then  5  inches  of  gravel  from  one-fourth  to  1  inch  in  diameter;  next,  10 
inches  of  coarse  sand,  and  finally,  on  top,  7  inches  of  fine  washed  sand, 
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The  area  of  the  surface  of  the  filter  was  4.50  square  feet,  or  about 
one  nine  thousand  six  hundred  and  eightieth  part  of  an  acre. 

The  rate  of  filtration  was  about  13,000,000  gallons  per  acre  daily, 
which  was,  of  course,  too  fast  to  accomplish  much.  Both  filtrate,  and 
efiiuent  were  colored,  strong  in  taste,  and  smelled  of  lime.  No  samples 
were  taken. 

Barrel  No.  2. 

Thirty -five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater  (milky). 

Settled  twenty  minutes. 

Siphoned  30  gallons  onto  filter  in  1  hour  and  52  minutes. 

The  precipitated  matter,  4  inches  deep,  was  light  yellow.  Free 
lime  present.     Sample  after  precipitation  50  per  cent  cleaner. 

The  efiiuent  was  still  clearer,  with  bitter  taste  and  some  odor,  and 
was  still  yellow  color. 

Filtration  was  at  the  rate  of  about  3,500,000  gallons  per  acre  daily, 
which  removed  about  16  per  cent  of  the  lime  that  came  to  it  (see 
sample  2,  table  4). 

Barrel  No,  3, 

Thirty -five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater. 

Fourteen  minutes  to  charge  with  gas. 

Settled  six  minutes. 

Time  of  filtration,  two  hours  and  twenty  minutes. 

Rate  of  filtration,  2,780,000  gallons  a  day. 

Filter,  9  inches  of  coarse  gravel  in  bottom,  2  inches  of  fine  gravel, 
16i^  inches  of  fine  washed  sand  on  top. 

The  liquor  from  precipitation  tank  showed  244.18  parts  per  100,000 
of  lime.  After  filtration  it  showed  177.68  parts.  Efficiency  of  filter 
equals  27.6  per  cent.     Color  and  taste  noticeable. 

Barnrel  No.  ^. 

Thirty-five  gallons  of  strawboard  waste. 

Carbon  dioxide. 

Five  gallons  of  limewater. 

Took  seventeen  minutes  to  charge  with  carbon  dioxide. 

Settled  six  minutes. 

Time  of  filtration,  three  hours  and  forty -five  minutes. 

Bate  of  filtration,  1,730,000  gallons  per  acre  daily. 

Filter,  2  inches  of  veiy  coarse  gravel  in  bottom,  2  inches  of  gravel, 
then,  on  top,  22  inches  of  medium  washed  sand,  which  passed  sieve  of 
one-eighth  inch  mesh. 
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It  will  be  noticed  in  sample  4,  table  4,  that  the  efSuent  from  the 
precipitation  tank  contained  only  85.12  parts  of  lime  per  100,000,  or 
about  one>third  that  found  in  the  previous  cases  and  about  53  per  cent 
of  the  absolute  residue  in  the  untreated  sample  of  table  3.  It  is  certain 
that  more  than  50  per  cent  of  the  absolute  residue  was  removed  by  the 
process  of  precipitation.  On  the  other  hand,  the  filter  apparent^ 
accomplished  nothing.  This  result  is  probably  due  to  lime  which  was 
carried  over  in  the  previous  work  and  which  was  washed  out  of  the 
filter  with  the  present  filtrate. 

Table  4. — Amounts  of  calcium^  free  ammoniat  and  albuminoid  ammonia  contained  in 
effluent  ofMrawboard  treated  with  carbon  dioxide  and  lime  water  in  experiments  at  Earl- 
ham  (hUege,  Indiana, 

[In  parts  per  100,000.] 


• 

Sample  No.  2. 

Sample  No.  3. 

Sample  No.  4. 

Before  fil-   After  flltra- 
tration.           lion. 

Before  fil- 
tration. 

After  fil- 
tration. 

Before  fil- 
tration. 

86.12 
2.50 
1.0 

After  fil- 
tration. 

Calcium 

28:^.  024 
1.675 
1.125 

236.868 
.7 
1.336 

89.78 

Free  ammonia 

.835 
1.0 

.8 
.7 

3.0 

Albuminoid  ammonia 

1.15 

TEN-BARREL  TEST. 

In  order  to  approach  commercial  methods  as  closely  as  seemed  pos- 
sible in  a  small  experimental  plant,  a  test  of  10  barrels  of  strawboard 
waste  was  arranged  to  close  the  work. 

First.  Three  barrels  of  waste  were  run  through  the  precipitation 
tank,  filling  it  and  two  other  barrels,  which  served  as  reservoirs.  The 
milk  of  lime  and  COg  were  fed  continuously  and  in  proportion  to  the 
rate  at  which  the  waste  flowed.  It  was  difficult  to  regulate  the  flow  of 
the  waste  by  valves,  as  the  straw  would  choke  them,  thus  varying  the 
discharge.  It  was  therefore  necessary  to  make  the  mte  of  flow  into 
the  precipitation  tank  high.  Automatic  floats  could  not  be  used  to 
properly  proportion  the  waste  and  lime,  as  the  volume  discharged 
was  too  small  to  overcome  the  friction  of  such  devices. 

The  two  reservoir  barrels  were  allowed  to  stand  twelve  hours;  then 
samples  were  taken  from  the  top  of  each.  The  first  barrel  was 
siphoned  onto  a  coke  filter,  consisting  of  a  barrel  with  2  feet  of  fine 
coke  breeze,  the  top  6  inches  of  which  consisted  of  particles  one- 
fourth  inch  in  diameter. 

The  second  barrel  was  siphoned  onto  a  sand  filter  having  6  inches  of 
fine  gravel  in  the  bottom  and  24  inches  of  fine  sand  on  top.  The  latter 
passed  a  sieve  of  one-eighth  inch  mesh. 
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The  rate  of  filtration  was  50  gallons  in  twelve  hours.  As  the  filters 
were  approximately  0.0001  of  an  acre  in  area,  the  rate  of  filtration 
through  the  coke  was  1,000,000  gallons  per  acre  per  twenty-four 
hours.  The  rate  through  the  sand  was  half  as  rapid,  or  500,000 
gallons  per  acre  daily. 

Precipitation  and  settling  in  the  first  barrel  removed  47  per  cent, 
and  in  the  second  barrel  90  per  cent,  of  the  suspended  matter.  The 
coke  filter  accomplished  practicall}^  nothing.  The  sand  filter  removed 
25  per  cent  of  the  suspended  matter  reaching  it,  making  the  total 
removal  by  precipitation,  twelve  hours'  sedimentation,  and  sand  filtra- 
tion, 92.6  per  cent.  The  greater  efficiency  of  the  precipitation  into  the 
second  barrel  was  due  to  a  better  adjustment  of  the  proportions  of 
lime  and  CO,  to  the  waste. 

Second.  Two  reservoir  barrels  were  again  filled  in  order  by  the 
efi[luent  from  the  precipitation  tank.  Each  settled  one  hour.  Then 
one  filtered  through  the  coke,  the  other  through  the  sand,  each  at  the 
rate  of  50  gallons  per  twelve  hours,  or  1,000,000  gallons  per  acre  daily. 
The  efficiency  of  the  precipitation  and  settling  one  hour  was  20  per 
cent;  of  precipitation,  settling  one  hour,  and  sand  filtration,  90  per 
cent. 

Third.  In  another  and  similar  case  the  efficiency  of  precipitation  and 
settling  thirty  minutes  was  75  per  cent;  of  precipitation,  settling  thirty 
minutes,  and  sand  filtration,  at  the  rate  of  50  gallons  in  six  hours,  or 
2,000,000  gallons  per  acre  daily,  80  per  cent. 

Fourth.  Similarly  the  efficiency  of  precipitation  and  settling  fifteen 
minutes  was  80  per  cent,  while  the  addition  of  sand  filtration  at  the 
rate  of  4,000,000  gallons  per  acre  daily  removed  86  per  cent  of  the 
suspended  matter. 

Fifth.  In  another  case  the  efficiency  of  precipitation  and  settling 
twelve  hours  was  92  per  cent;  of  precipitation  and  settling  eighteen 
hours,  86  per  cent. 

Sixth.  The  precipitation  tank  was  run  continuously,  and  two  sam- 
ples taken  from  the  top  showed  47  per  cent,  and  fifteen  minutes  later 
60  per  cent,  of  the  suspended  matter  removed.  The  gas  bubbled  up 
throughout  the  entire  cross  section  of  the  precipitation  tank.  This 
constant  ebullition  prevented  the  suspended  matter  from  settling  as  it 
should  and  as  it  would  in  a  tank  described  later,  in  which  the  ebulli- 
tion is  confined  to  the  delivery  pipe,  in  which  the  flow  is  downward  to 
the  bottom  of  the  precipitation  tank. 

Seventh.  The  waste  and  milk  of  lime  were  delivered  at  the  bottom 
of  the  precipitation  tank,  where  the  gas  was  added,  at  the  mte  of  100 
gallons  in  twelve  hours.  The  effluent  taken  from  the  top  was  deliv- 
ered into  the  bottom  of  a  reservoir  barrel.  From  the  top  of  it  ran 
two  siphons — one  to  the  coke  and  one  to  the  sand  filter — each  discharg- 
ing at  the  rate  of  50  gallons  per  twenty-four  hours,  or  500,000  gallons 
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per  acre  daily.  The  precipitation  removed  36  per  cent  of  the  sus- 
pended matter,  and  the  coke  filter  removed  42  per  cent  of  the  remainder. 
At  the  same  time  the  sand  filter  removed  66  per  cent.  The  total 
eflSciency  with  the  sand  filter  was  79  per  cent. 

Eighth.  The  sludge  drawn  from  the  bottom  of  the  precipitation  bar- 
rel showed  9,884  parts  per  100,000  of  suspended  matter,  or  40  times 
that  in  the  untreated  waste. 

DISCUSSION  OF  TESTS. 

The  above  efficiencies  are  all  figured  on  the  basis  of  a  single  sample 
of  untreated  waste  which  contained  238.9  parts  per  100,000  of  sus- 
pended matter.  To  have  taken  a  sample  from  each  barrel  would  have 
increased  the  number  of  analyses  by  ten,  and  would  not  have  effected 
the  results  materially.  As  it  was,  21  analyses  were  made.  Different 
barrels  differ  in  the  quantity  of  suspended  matter,  of  total  solids,  and 
of  calcium  present.  The  quantity  of  lime  was  sometimes  too  great, 
and  at  other  times  the  quantity  pf  CO,  may  not  have  been  sufficient. 
These  facts  account  for  the  discrepancies  that  arise.  The  average 
efiSciency  of  precipitation  in  removing  suspended  matter  from  10  cases 
was  63  per  cent.  The  average  efficiency  of  precipitation,  settling  for 
various  periods,  and  sand  filtration  was  over  85  per  cent. 

Tabus  5. — Analysis  of  sample  of  untreated  waste  from  fourth  barrel, 

[In  parts  per  100.000.} 
Suspended  matter: 

Organic  residue 149. 8 

Inoiganic  residue 88. 8 

Total  residue 238.6 

Total  solids: 

Organic  residue 362. 5 

Inorganic  residue 181. 0 

Total  residue 543. 5 

Calcium 160.6 

Nitrates None. 

Nitrites None. 

Chlorine 71.8 

Ammonia,  free 74 

Ammonia,  albuminoid 60 

Reaction,  alkaline. 

Coloring,  organic. 
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Table  6. — Rmdue  contained  in  suspended  matter  in  samples  S  to  21, 


Sample. 

Total  resi- 
due. 

Organic 
residue. 

Inorganic 
resiaue. 

No.  2 

126.8 

128.7 
23.  5 
17.7 

200.0 

215.0 
62.0 
24.0 
60.5 
48.0 

195.8 
33.8 

152.0 
88.8 
50.0 

126.5 

89.5 

19.0 

33.6 

9,884.0 

57.2 
86.5 
16.0 
11.0 

133.7 

160.3 
43.9 
14.0 
3^.8 
29.3 

123.5 
24.4 

105.3 
61.0 
35.0 
75.3 
51.5 
12.5 
11.1 
5, 361. 6 

68.5 

No.  3 

42.1 

No.  4 

7.4 

No.  6 

6.7 

No.  6 

66.2 

No.  7 

54.6 

No.  8 

17.9 

No.  9 

9.5 

No.  10 

23.5 

No.  11 

18.6 

No.  12 

71.9 

9.3 

• 

No.  14 

45.6 

No.  15 1 

27.6 

No.  16 

14.9 

No.  17 

51.1 

No.  18 

37.9 

No.  19 

6.4 

No.  20 

12.3 

No.  21 

4,501.5 

Samples  2  and  4  were  taken  from  the  tops  of  the  reservoir  barrels. 
Samples  3  and  5  are  of  filtrates  from  the  coke  and  sand  filters,  respec- 
tively, taken  at  the  middle  of  each  test.  The  barrel  from  which  sam- 
ple No.  2  was  taken  was  run  through  the  coke  filter.  The  barrel 
from  which  sample  No.  3  was  taken  was  filtered  through  sand. 

Reservoirs  Nos.  1  and  2  were  filled  and  permitted  to  settle  one  hour, 
after  which  samples  Nos.  6  and  7  w^ere  taken  from  reservoirs  1  and  2, 
respectively.  Reservoir  No.  1  was  then  run  through  the  coke  filter 
and  No.  2  through  the  sand  filter  at  the  rate  of  1,000,000  gallons  per 
acre  a  day.  Samples  8  and  9  are  from  the  filtmtes  through  the  coke 
and  sand,  respectively. 

Reservoir  No.  1  was  filled  and  allowed  to  settle  thirty  minutes. 
Sample  No.  10  was  then  taken  from  the  top.  It  was  siphoned  onto 
the  sand  filter  at  the  rate  of  2,000,000  gallons  every  twenty-four  hours. 
Sample  11  is  from  the  filtrate. 

Reservoir  No.  2  was  filled  and  allowed  to  settle  fifteen  minutes. 
Sample  12  was  collected  as  the  liquor  was  siphoned  from  the  top  of 
reservoir  No.  2  onto  the  sand  filter,  through  which  it  passed  at  the 
rate  of  4,000,000  gallons  per  acre  daily.     Sample  13  is  from  the  filtrate. 
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The  precipitation  tank  was  run  continuously,  discharging  into  reser- 
voir No.  1.  From  the  top  of  the  latter  siphons  led  to  the  coke  and 
sand  filter.  The  rate  of  discharge  from  each  was  50  gallons  in  twelve 
hours,  or  1,000,000  gallons  per  acre  daily.  Sample  14  was  taken  from 
the  top  of  the  reservoir.  Sample  15  was  from  the  filtrate  through 
the  coke,  and  16  from  the  filtrate  through  the  sand. 

Sample  17  was  taken  from  the  top  of  the  precipitation  tank  during 
its  operation,  and  sample  18  was  collected  fifteen  minutes  later. 

Sample  19  was  obtained  from  the  top  of  the  precipitation  tank  after 
it  had  settled  for  a  period  of  twelve  hours. 

Sample  20  came  from  the  top  of  the  precipitation  barrel  after  it  had 
settled  eighteen  hours. 

Sample  21  is  of  sludge  drawn  from,  the  bottom  of  the  precipitation 
tank. 

The  effect  on  solids  in  solution,  especially  on  the  calciimi,  was  not 
so  satisfactory,  owing  to  the  lack  of  sensitive  apparatus  by  which  to 
gauge,  the  proper  proportions  of  milk  of  lime.  There  was  either  an 
excess  or  a  deficiency  of  lime,  leaving  an  undesirable  amount  in  the 
effluent.  So  long  as  the  quantity  of  CO,  is  sufficient  to  saturate  the 
liquor  no  variation  in  it  is  needed,  but  for  the  most  successful  opera- 
tion of  the  process  the  volume  of  lime  should  be  automatically  regu- 
lated by  the  rate  of  flow  of  waste. 

MIXING  APPARATUS. 

English  and  American  experience  suggests  that  the  waste,  CO,,  and 
milk  of  lime  should  be  brought  together  during  a  downward  flow, 
and  that  the  precipitation  should  take  place  during  a  following  slow, 
quiet,  upward  movement. 

The  milk  of  lime  may  be  proportioned  to  the  waste  by  a  float  in  the 
chamber  leading  to  the  waste  weir.  This  float  would  vary  the  length 
of  a  weir  of  constant  head  which  feeds  the  milk  of  limiB  to  the  waste. 
The  mixture  should  then  travel  down  a  central  shaft  through  a  nest 
of  tubes  perforated  on  the  lower  side,  from  which  CO,  issues  under 
about  2  feet  of  head.  The  treated  waste  now  travels  down  the  cen- 
tral shaft  to  the  bottom  of  the  tank,  where  the  flow  turns  upward  with 
a  very  low  velocity.  The  less  the  upward  velocity  the  greater  the 
efficiency  of  precipitation.  The  effluent  would  be  collected  at  the  top 
in  semicylindrical  troughs. 

In  the  tests  above  reported  50  gallons  were  run  through  a  tank  of 
50  gallons  capacity  in  one  hour.  The  cross  section  of  the  barrel  was 
649  square  inches,  making  an  upward  velocity  of  0.005  of  an  inch  per 
second.  To  treat  1,000,000  gallons  a  day  with  the  same  upward  veloc- 
ity would  requii*e  a  tank  of  83,300  gallons  capacity,  or  25  feet  square 
and  15  feet  deep.  In  the  tests  made  the  CO,  was  distributed  through- 
out the  barrel,  and  the  violent  ebullition  kept  the  precipitation  from 


82  STBAWBOARD   WASTE.  [no.  113. 

being  satisfactory,  unless  15  to  30  minutes  be  given  or  the  effluent  be 
run  into  settling  reservoirs.  By  confining  the  ebullition  to  a  central 
small  cylinder,  where  the  downward  flow  takes  place,  the  efficiency  of 
the  precipitation  would  certainly  be  increased. 

PRODUCTION  OF  CARBON  DIOXIDE. 

The  most  important  problem  in  the  application  of  this  method  of 
purifying  strawboard  waste  is  the  production  of  the  required  amount 
of  carbon  dioxide  in  an  economical  and  practical  manner.  Two  meth- 
ods of  producing  this  may  be  considered. 

First  methjod. — Carbon  dioxide  may  be  produced  by  burning  lime 
in  closed  kilns,  such  as  are  used  in  the  manufacture  of  beet  sugar.  In 
the  typical  factorj'^  which  we  have  assumed,  using  60  tons  of  straw  a 
day,  nearly  10  tons  of  lime  are  needed  in  the  process  of  manufacture, 
and  an  additional  10  tons  are  required  for  purifying  the  waste.  A 
closed  kiln  of  20  tons  daily  capacity,  with  rock  hoist  and  gas  pump, 
would  cost  J10,000.  The  operation  would  require  4,800  pounds  of 
coke  a  day  and  the  attendance  of  three  men  on  each  shift.  Figuring 
interest,  depreciation,  labor,  and  coke,  the  daily  cost  of  CO,  produced 
would  be  $31.90.  Neither  profit  nor  loss  is  figured  on  the  lime. 
Finall}'^,  the  quantity  of  CO^  would  be  only  about  25  per  cent  of  that 
required.  To  produce  80  tons  of  lime  a  day  would  necessitate  a  cor- 
respondingly great  outlay  and  the  production  of  60  tons  of  lime  for 
which  a  market  must  be  found.  Manifestly  the  method  does  not 
recommend  itself,  especially  in  comparison  with  the  following  one. 

Second  method. — At  the  plant  which  has  been  cited,  where  60  tons 
of  straw  are  used  each  day,  about  80  tons  of  Brazil  (Ind.)  bitumi- 
nous coal  are  burned  every  twenty -four  hours.  This  coal  contains 
about  70  per  cent  carbon.  Consequently,  70  per  cent  of  80  tons, 
equaling  66  tons,  or  112,000  pounds,  of  carbon  are  consumed  each  day. 
About  12  pounds  of  air  per  pound  of  carbon  are  necessary  for  com- 
bustion. In  the  average  hand-fired  furnace  an  excess  of  50  per  cent 
of  air  is  supplied,  making  18  pounds  of  air  per  pound  of  carbon.  In 
the  above  case  there  would  be  18  times  112,000,  or  2,016,000,  pounds 
of  air  needed.  A  series  of  16  tests  reported  shows  that  the  per  cent  of 
COj  in  the  chimney  gases  ranges  from  8  to  19  per  cent.  Assuming 
10  per  cent  as  a  conservative  amount,  there  would  be  10  per  cent  of 
2,016,000,  or  201,600,  pounds  of  CO,  available  every  twenty-four 
hours  from  the  flue  gases.  The  maximum  amount  of  carbon  dioxide 
needed  in  the  precipitation  is  twice  19,800,  which  equals  39,600  pounds. 
Only  20  per  cent  of  the  chimney  gases  would  be  needed  in  the  process 
of  purification.  Gas  pumps  capable  of  delivering  250,000  cubic  feet 
per  twenty-four  hours,  under  the  pressure  of  2  feet  of  water,  would 
be  required. 
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The  cost  for  gas  pump  and  installation  would  be  $2,500,  with  no 
additional  attendance  above  the  usual  engine-room  staff.  Figuring 
co8t  on  the  same  basis  as  before,  it  would  amount  to^  $1.35  per  diem, 
as  compared  with  $31.90  in  the  previous  case,  a  saving  of  $30.65  a  day. 
The  actual  cost  of  producing  the  necessary  lime  and  CO,  would  be  the 
cost  of  10  tons  of  lime  at  $5  per  ton,  or  $50,  plus  $1.35  for  pumping, 
making  a  total  of  $51.35  daily. 

The  cost  of  installing  a  precipitating  tank  and  mixing  apparatus  is 
so  dependent  on  local  conditions  that  no  figures  can  be  given  unless 
the  conditions  be  known.  In  almost  all  cases  the  design  could  be 
adapted  to  the  topography,  so  that  it  would  be  unnecessary  to  pump 
either  the  waste,  the  effluent,  or  the  sludge. 

While  it  is  believed  that  under  average  conditions  filters  are  not 
needed,  if  a  higher  degree  of  purification  is  required  at  times  of  very 
low  stream  flow  than  the  normal  operation  of  the  precipitation  tank 
provides,  giuvity  filters  could  be  employed.  Under  some  conditions 
a  second  settling  tank,  or  two  precipitation  tanks  with  a  reduced  rate 
of  flow,  might  be  the  more  economical.  To  operate  a  filter  requires 
an  available  head  of  about  3  feet  from  the  surface  of  the  tank.  To 
operate  two  tanks  either  in  series  or  in  parallel  requires  practically  no 
additional  head. 

TREATMENT  OF  SLUDGE. 

Would  it  pay  to  treat  the  sludge  in  order  to  recover  the  lime  ?  Take, 
for  example,  the  50-ton  mill  which  wastes  19,800  pounds  of  lime  daily. 
Assuming  an  efficiency  of  75  per  cent  in  the  purification  by  precipita- 
tion alone,  there  would  be  present  in  the  sludge  75  per  cent  of  twice 
19,800,  or  29,700,  pounds  of  lime.  Only  alx)ut  85  per  cent  of  this  is 
recoverable,  i.  e.,  26,700  pounds. 

No  more  economical  method  of  drying  the  sludge  is  known  than  that 
employed  in  the  manufacture  of  strawboard  itself.  Hence  the  cost 
may  be  considered  the  same.  An  official  of  a  strawboard  company 
states  that  the  hot  rolls  receive  the  pulp  from  the  wet  end,  press  it 
while  it  is  about  66  per  cent  water,  and  deliver  it  with  about  10  per 
cent  of  moisture  remaining.  The  cost  of  removing  this  56  per  (^ent 
of  water  present  is  the  principal  item  in  the  expense  of  drying.  The 
company  estimates  that  it  requires  11  horsepower  for  twenty-four 
hours,  or  264  horsepower  hours,  to  dry  1  ton  of  board.  If  we 
take  30  pounds  of  steam  as  equivalent  to  1  horsepower  hour,  then 
11  X  24  X  30,  or  7,960,  pounds  of  steam  are  required  per  ton  of  product. 
If  7  pounds  of  steam  be  generated  per  pound  of  coal  burned,  1,274 
pounds  of  coal  are  consumed,  which,  at  $3  per  ton,  makes  the  cost 
$1.91  per  ton  of  product.  One-half  the  cake  is  straw  and  one-half 
carbonate  of  lime,  hence  the  cost  per  ton  of  lime  present  is  $3.82. 
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After  the  sludge  is  dried  to  the  consistency  of  strawboard  it  would 
still  contain  10  per  cent  of  moisture.  To  remove  the  remaining  mois- 
ture  and  make  the  lime  available  as  an  oxide  the  cake  must  be  burned 
in  a  limekiln  fired  with  coke,  in  order  that  the  calcium  carbonate  shall 
be  reduced  to  the  oxide,  thus  completing  the  cycle  through  which  the 
lime  has  passed.  The  cost  would  be  greater  than  that  of  burning 
limestone,  because  of  the  greater  moisture  present.  In  addition  there 
would  be  a  considerable  quantity  of  the  silica  present  in  the  ash  of  the 
straw.  The  ash  is  about  5  per  cent  of  the  weight  of  the  original  straw, 
and  of  this  73  per  cent,  according  to  Remsen,  will  be  silica.  The  major 
part  of  the  ash  would  be  accumulated  waste  material  unseparated  from 
the  lime.  It  would  evidently  cost  more  to  recover  the  lime  in  the 
sludge  than  it  is  worth. 

The  particles  of  straw  are  so  fine  that  they  will  not  work  up  into 
even  a  second-grade  board.  In  fact,  no  use  for  this  material  has  been 
discovered,  hence  its  waste.  The  process  of  manufacture  is  so  very 
wasteful,  then,  partly  because  present  methods  can  not  make  this  finer 
portion  into  salable  stock. 

The  question  of  making  a  separate  product  from  the  sludge  was 
raised.  This  material  contains  lime  and  silica  principally.  Would  it 
make  boards  similar  to  asbestos  boards  to  serve  as  nonconductors  to 
he^t?  Whether  or  not  the  material,  pressed  and  bonded  by  cloth, 
would  make  a  nonconducting  article  like  felt  has  not  been  carefull}^ 
considered. 

English  patent  No.  16966,  issued  August  6,  1898,  covers  a  process 
of  fireproofing  wood  or  straw  by  treatment  with  carbonate  of  potash, 
boric  acid,  sulphate  of  magnesia,  and  sulphate  of  ammonia  (see  Jour. 
Soc.  Chem.  Ind.,  August  31,  1899,  p.  763).  The  method  would  not 
be  commerciall}'  applicable  in  this  case  in  view  of  the  ruling  prices  of 
felt  and  asbestos.  At  present  it  seems  that  the  only  rational  way  to 
dispose  of  the  sludge  is  to  run  it  out  on  the  ground. 

CONCLUSIONS. 

1.  Strawboard  waste  is  an  extremely  stable  substance  which  does 
not  degenerate  when  kept  in  clean  containers,  but  when  mixed  with 
other  substances  of  a  putrescible  nature,  such  as  sewage  and  other 
organic  matter  in  streams,  it  becomes  very  foul  and  objectionable. 

2.  Simple  sedimentation  is  not  eifective  in  the  purification  of  straw- 
board  waste. 

3.  Chemical  precipitation  appears  to  be  satisfactory  from  every 
standpoint  except  that  of  cost,  which  makes  it  commercially  imprac- 
ticable. 

4.  Filtration  without  previous  sedimentation  is  impracticable,  but 
combined  with  sedimentation  is  an  aid  to  the  process. 


■ACKiTT.]  SUPPLEMENTARY   NOTE.  85 

5.  The  sulphates  of  iron  and  alumina  are  the  most  effective  chemical 
precipitants  for  the  purification  of  strawboard  waste,  but  so  large  are 
the  amounts  which  it  is  necessary  to  use  that  the  cost  is  prohibitive. 

6.  Lime  is  of  no  value  as  a  precipitant. 

7.  Carbon  dioxide  has  no  effect  upon  the  suspended  matter  in 
strawboard  waste. 

8.  The  combination  of  carbon  dioxide  and  milk  of  lime  is  effective 
when  properly  applied,  and  the  process  can  be  economically  maintained 
if  conditions  are  favorable.  The  results  of  experiments  indicate  that 
75  per  cent  of  the  suspended  material  can  be  removed  by  precipitation 
with  carbon  dioxide  and  milk  of  lime  at  high  speed  of  treatment. 
Higher  efficiencies  rran  be  obtained  at  lower  speed  and  by  the  combina- 
tion of  sand  filtration.  It  is  believed,  however,  that  the  latter  would 
be  necessary  only  in  extreme  cases. 

SUPPLEMENTARY  NOTE. 

m 

The  objection  raised  by  the  officials  of  the  United  Box  Board  and 
Paper  Company  to  the  purification  process  described  in  the  preceding 
pages  is  based  upon  its  cost.  It  is  maintained  that  the  different  kinds 
of  box  board  now  upon  the  market  are  so  evenly  balanced  in  cost  of 
production  and  competitive  selling  price  that  the  additional  expense 
incurred  in  manufacture,  which  would  result  from  the  adoption  of 
this  process,  would  drive  strawboard  from  the  market.  Nevertheless, 
it  is  hoped  that  the  experiments  here  recorded  may  stimulate  interest 
in  the  question  considered  and  aid  in  directing  research  that  will  lead 
to  a  satisfactory  solution  of  the  problem. 
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By  Isaiah  Bowman. 


INTRODUCTION. 

Since  1886,  a  date  which  marks  the  beginning  of  the  oil  and  gas 
industry  in  eastern  Indiana,  there  has  been  more  or  less  speculation  * 
concerning  the  pollution  of  wells  and  streams  in  the  oil  fields  in  so  far 
as  such  pollution  impairs  the  purity  of  drinking  water  or  damages 
water  for  domestic  and  industrial  uses.  Within  the  last  few  years  the 
matter  has  assumed  a  more  serious  aspect.  Considerable  litigation 
has  resulted  from  attempts  to  collect  compensation  for  damages  to 
surface  wells  by  this  form  of  contamination. 

In  the  following  pages  the  manner  in  which  such  pollution  occurs 
is  shown,  and  a  remedy  is  suggested  for  the  conditions.  The  data  pre- 
sented relate  to  the  city  of  Marion,  this  city  having  been  chosen  as 
the  place  of  inquiry  because  it  is  situated  in  the  center  of  the  oil 
fields  of  eastern  Indiana  and  because  many  cases  of  well  and  stream 
pollution  are  known  to  exist  there. 

Acknowledgments  are  due  to  Mr.  E.  Ilulley,  superintendent  of  the 
Marion  waterworks,  and  Messrs.  John  E.  Weigel  and  W.  L.  Benson, 
well  drillers,  for  assistance  rendered  by  them  in  preparing  this  paper. 

TOPOCiRAPIIY  AND  DRAINAGE  OF  THE  REGION. 

The  city  of  Marion  is  located  on  Mississinewa  River.  This  stream 
is  tributary  to  the  Wabash  and  has  a  length  of  about  100  miles. 
The  general  course  of  the  stream  is  northwestward,  and  the  chan- 
nel lies  just  outside  the  Mississinewa  moraine.  Above  Marion 
the  river  swings  against  the  moraine,  cutting  steep  bluflfs  into  the 
clay;  but  near  the  Arcona  bridge,  between  Eighteenth  and  Nine- 
teenth streets,  it  cuts  into  a  gravel  terrace  formed  outside  the  moraine 
by  the  stream  when  it  was  overloaded  by  material  derived  from  the 
ice  which  then  rested  against  the  moraine.  Just  opposite  Marion-on- 
the-River,  and  again  near  the  Washington  Street  Bridge,  the  Missis- 
sinewa flows  over  rock.  This  greatly  impedes  the  dissection  of  the 
till  plain  and  terraces  in  which  the  river  valley  has  elsewhere  been 
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incised.  The  difference  in  the  character  of  the  material  that  the 
river  must  remove  has  resulted  in  alternate  straight  and  meandering 
stretches.  Each  outcrop  of  rock  in  the  channel  is  generally  indicated 
by  a  marked  sinuosity  of  the  stream  above  it. 

Back  of  the  river  bluffs,  which  have  an  average  height  of  about  50 
feet,  the  surface  of  the  country  to  the  southwest  is  extremely  level, 
and  drainage,  especially  on  the  flat  and  wide  divides,  is  sluggish  and 
ineffective.  Northeast  of  the  river  the  Mississinewa  moraine  gives 
some  relief  to  the  surface,  although  that  part  of  the  moraine  near 
Marion  has  an  average  height  of  not  more  than  20  or  30  feet. 

The  valley  bottom  varies  greatly  in  width.  In  places  it  is  but  little 
wider  than  the  river,  while  in  the  vicinity  of  the  pumping  station  it  is 
from  a  half  mile  to  a  mile  wide.  The  business  part  of  the  city  and  its 
more  thickly  settled  portions  lie  on  an  old  flood  plain  of  the  Missis- 
sinewa. The  oil  wells  are  scattered  over  the  whole  region,  alike  in 
valley  bottom  and  in  the  country  back  of  the  river  bluffs.  Occasion- 
ally, where  the  bluffs  have  a  gentle  descent,  oil  wells  may  be  found 
on  them,  as  well  as  on  the  lower  surfaces  nearer  the  river,  positions 
which  have  the  advantage  of  rapid  drainage,  while  the  others  have  the 
association  of  stagnant  pools  of  waste  oil. 

GEOIiOGIC    ITSATURES. 

PLEISTOCENE   DEPOSITS. 

At  the  place  where  Sixth  street  ascends  the  river  bluffs  in  the 
western  part  of  the  city  there  is  a  typical  30-foot  section  of  the  till 
plain.  Beneath  a  covering  of  till  about  10  feet  thick  is  a  layer  of 
gravel,  which  in  turn  overlies  a  layer  of  iron-stained  bowldera  several 
feet  thick.  Below  this  is  a  promiscuous  deposit  of  clay  and  gravel, 
underlain  by  cross- bedded  and  fine-textured  sand. 

The  upper  covering  of  till  is  persistent  throughout  this  region, 
varying  in  thickness  from  several  inches  to  15  feet.  It  is,  of  course, 
absent  in  the  valleys  where  the  river  has  undercut  it.  Where  it  is 
thin  it  is  very  porous,  because  of  oxidation  and  the  action  of  vegeta- 
tion, so  that  it  offers  no  obstruction  to  the  free  passage  of  percolating 
water.  Along  the  present  stream  channel  and  over  the  older  flood 
plain  that  lies  between  the  bluffs  are  scattered  bowlders  which  the 
river  has  been  able  to  undermine  and  dislodge  from  the  bowlder  bed 
previously  mentioned,  but  which  it  is  not  able  to  carry  downstream. 
In  places  the  till  is  so  free  from  pebbles  that  it  is  used  in  the  manu- 
facture of  brick. 

A  number  of  well  sections  are  given  herewith,  since  they  represent 
the  character  of  the  glacial  deposits,  an  understanding  of  which  is 
essential  to  an  appreciation  of  the  conditions  of  water  contamination. 
The  best  well  section  procured  in  the  vicinity  of  Marion  was  that 
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obtained  at  the  pumping  station  of  the  city  waterworks.  At  the 
request  of  the  writer  samples  of  the  borings  were  saved  by  Mr.  E. 
Hulley,  superintendent  of  the  waterworks.  The  well  was  drilled  in 
October,  1903.  In  studying  the  section  it  must  be  remembered  that 
the  pumping  station  is  in  the  valley  of  the  Mississinewa  and  that  the 
bluff  section  given  above  must  be  added  to  the  well  section  in  order  to 
get  a  fair  notion  of  the  character  of  the  deposits  from  the  surface  of 
the  till  plain  to  the  rock. 

The  samples  were  examined  both  microscopically  and  macroscopic- 
ally.     A  description  of  them  follows: 

Section  of  well  at  city  watenvorks,  Marion^  Ind. 


1.  Fine  eand  and  black  loam  (a  peaty  deposit  in  a  part  of  the 

river  channel  now  abandoned) 

2.  Very  fine,  yellow,  sharp,  ferruginous  sand 

3.  Coarse  gray  sand,  the  grains  being  rounded  through  water 

action 

4.  Fine  gravel,  made  up  mostly  of  erratic  material  and  quartz  sand 

5.  Pale  reddish-brown  clay  with  many  stones  and  considerable 

gravel,  also  some  iron  concretions.  The  stones  and  pebbles 
were  of  chert,  limestone,  trap,  shale,  and  quartzite.  (Lime- 
stone, shale,  and  chert  pebbles  seem  to  have  been  derived 
from  the  underlying  rock) 

6.  Gray  clay,  very  plastic  when  wet  and  containing  no  pebbles. 

Tnis  clay  is  remarkably  pure  and  is  distinct  from  the  clay 
bed  above  it  in  containing  no  pebbles  whatever  in  its  middle 
portion,  though  it  merges  gradually  into  the  pebbly  clay  above 

7.  Limestone  ( Niagara).  .  The  limestone  is  water  bearing  from  the 

top  to  the  last  depth  given  and  presumably  beyond,  but  the 
best  supply  comes  from  a  subporous  and  greatly  fissured 
layer  38  feet  below  the  rock  surface 


Thickuees 

of  stratnin 

in  feet. 


3 

28 

15 
4 


Depth  to 

bottom  of 

stratum  in 

feet. 


54 


26 


3 

31 

46 
50 


104 


58 


130 


188 


This  is  a  flowing  well,  the  water  rising  (when  the  well  is  piped  up) 
to  a  height  of  18  feet  above  the  surface. 

The  following  boring  records  were  kindly  furnished  by  Mr.  John  E. 
Weigel,  of  Marion,  Ind.  They  show  the  character  and  depth  of  the 
material  overlying  the  rock  at  the  various  places  indicated  by  the 
corresponding  numbers  on  the  accompanying  map  (fig.  4). 

Material  overlying  rock  at  certain  localities  indicated  by  numbers  on  fig,  4- 

Feet. 

1.  Sand  and  gravel 0-30 

2.  Sand  and  gravel 0-17 

3.  Sand  and  gravel 0-37 

"Blue"  clay 37-45 

4.  Sand  and  gravel 0-57 

"Blue"  clay 57-65 
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Feet. 

5.  Gravel 0-50 

Mixture  of  gravel,  sand,  and  clay 50-105 

6.  Gravel  and  sand 0-50 

Till  M  in  No.  5 50-60 

7.  Rock  in  river  bottom 0 

8.  Till,  sand,  and  gravel 0-100 

9.  Sand  and  gravel 0-32 

10.  Sand  and  gravel 0-60 

11.  Gravel 0-40 

TUl 40-100 


teuarrics] 


Hummocky  surface,  merging 
into  the  Mississinei^a  moraine 


N 


Fig.  4.— Map  of  Marion,  In<L 

1 2.  Till,  sand,  and  gravel 0-200 

13.  Till,  sand,  and  gravel 0-200 

14.  Gravel 0-50 

Till : 50-105 

1 5.  Sand  and  gravel 0-60 

Till 60-198 

16.  Qaicksand 0-55 

Till  (mostly  gravel  and  some  brown  clay) •. 55-200 

17.  Gravel,  bearing  salt  water 0-40 

TOl 40-177 

18  and  19.  (The  sample^  previously  referred  to  are  from  these  two  wells. } 
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Feet. 

20.  Sand  and  gravel (MO 

Till 40-50 

Gravel ^ 50-70 

Clay 70-169 

(This  well  was  drilled  118  feet  into  limestone,  making  a  total  depth  of 
287  feet,  but  no  water  was  encountered,  and  the  well  was  abandoned. ) 

21.  Sand  and  gravel 0-60 

Till 60-117 

Gravel 117-127 

Clay 127-216 

While  the  last  clay  bed  is  extensive,  it  by  no  means  covers  the 
entire  surface  of  the  rock,  for  well  sections  frequently  show  glacial 
gravel  and  till  all  the  way  to  rock.  No  bowlders  are  known  to  occur 
in  it,  and  the  deposit  may  be  nonglacial.  Gravel  is  said  to  underlie 
it  in  places,  but  none  of  the  gravel  was  obtainable,  and  its  nature  is 
therefore  uncertain. 

In  the  foregoing  records  no  distinction  was  made  l^tween  this  clay 
bed  and  the  pronouncedly  glacial  material  overlying  it,  although  an 
examination  of  the  samples  showed  that  such  a  distinction  exists. 

The  well  sections  show  that  there  is  an  extensive  area  of  rock  sur- 
face not  covered  with  clay,  the  entire  section  yielding  only  sand  and 
gravel.  It  also  appears  that  the  upper  layers  of  clay,  or  more  prop- 
erly, of  till,  and  the  layers  of  gravel  are  in  many  places  differen- 
tiated, while  in  others  there  is  a  more  or  less  intimate  mixture  of 
these  two  materials.  Such  a  mixture  must  not  be  regarded  as  imper- 
vious to  water.  There  is  undoubtedly  a  more  or  less  free  circulation 
of  subsurface  Avater  throughout  this  entire  mass  of  glacial  material. 
This  conclusion  is  warranted  not  only  by  a  determination  of  the  fre- 
quent high  porosity  of  the  till  and  its  consequent  permeability  to 
water,  but  also  by  underground  observations  on  percolating  water. 
In  assisting  Mr.  A.  C.  Veatch,  of  this  Survey,  in  work  done  on  I^ng 
Island,  New  York,  during  the  summer  of  i903,  the  writer  had  occasion, 
through  the  kindness  of  Mr.  J.  C.  Meem,  consulting  engineer  for  the 
Borough  Construction  Company,  to  examine  a  sewer  tunnel  in  course 
of  construction  between  Sixty-fifth  street  and  Fort  Hamilton  avenue. 
South  Brooklyn.  Different  working  faces  were  closely  examined,  and 
it  was  found  that  even  in  those  places  where  the  till  was  most  cla3'ey 
in  composition  the  water  at  a  depth  of  90  feet  from  the  surface  had 
occupied  the  pores  of  the  till  in  such  manner  and  to  such  a  degree 
that  constant  pumping  was  necessary  to  keep  this  part  of  the  tunnel 
dry  enough  to  permit  work.  The  sand  and  gmvel  distributed  through 
the  till  was  sufficiently  abundant  to  allow  a  constant  flow  of  under- 
ground water.  This  fact  must  be  regarded  as  important,  inasmuch  as 
a  number  of  apparently"  anomalous  cases  of  contamination  no  doubt 
depend  for  their  explanation  upon  this  quality  of  the  till. 
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HARD  ROCK   FORMATIONS. 

The  hard  rock  formations  with  which  this  report  is  concerned  are 
the  Niagara  limestone,  the  shales  and  limestones  formerly  known  as 
the  Hudson  River  limestone  and  Utica  shale,  and  the  upper  Trenton 
limestone. 

NIAGARA   LIMESTONE. 

Into  the  Niagara  limestone  pre-Glacial  streams  cut  valleys  several 
hundred  feet  deep.  This  depth  was  so  great  that  the  ice  sheet  was  just 
able  to  cover  the  valleys  and  divides  evenly  with  drift,  and  so  enable 
the  post-Glacial  streams  to  take  an  initial  course  independent  of  the  old 
rock  valleys.  The  depths  to  rock  at  various  places  in  Marion  and  in  the 
region  east  of  that  city  indicate  that  the  pre-Glacial  drainage  was  along 
p.  northeast-southwest  line,  almost  at  right  angles  to  the  general  direc- 
tion of  the  course  now  taken  by  the  Mississinewa.  In  some  of  the 
deeper  parts  of  this  old  valley  the  limestone  has  been  completely 
eroded  and  the  shale  beneath  uncovered,  while  over  a  considerable 
area  near  the  bottom  of  the  valley  the  limestone  is  but  a  few  feet  thick. 
Toward  the  divides  it  becomes  thicker,  reaching  a  maximum  thickness 
of  about  350  feet  at  the  quarries  indicated  on  the  map. 

The  upper  layers  of  limestone  are  weathered  to  a  depth  of  6  or  8 
feet,  the  result  being  the  formation  of  a  dirty  yellow  and  partially 
oxidized  clay.  In  most  places  this  clay  is  porous,  usually  covering 
the  rock  to  an  insignificant  depth.  Most  of  this  clay  was  removed 
during  the  advance  of  the  ice.  It  occurs  at  the  present  time  onh*^  in 
patches,  which  furnish  all  the  evidence  that  is  available  concerning 
pre-Glacial  conditions. 

The  limestone  lies  in  nearly  horizontal  layers.  It  is  extensively  fis- 
sured, the  breaks  being  more  numerous  near  the  top  of  the  section, 
presumably  from  pre-Glacial  weathering,  the  weight  of  the  once  over- 
lying ice,  and  the  extremes  of  temperature  to  which  the  rock  was 
subjected  and  the  water  which  it  contained.  This  condition  of  the 
limestone  permits  surface  water  to  have  eas}'  access  to  the  rock  for 
some  depth,  and  rock  wells  and  springs  (the  latter  where  the  rock  out- 
crops in  a  favorable  way)  are  therefore  to  be  expected.  Such  springs 
exist  in  all  the  quarries,  and  the  chief  source  of  the  city  water  supply 
is  from  wells  drilled  into  the  upper  limestone  rock. 

It  is  maintained  by  the  writer  that  the  water  occurring  in  the  upper 
limestone  rock  is  not  derived  from  some  far  distant  source  and  trans- 
mitted through  possible  porous  layers  of  limestone,  but  is  essentially 
of  local  derivation  and  is  supplied  from  rainfall  percolating  through 
the  glacial  deposits  above.  This  conclusion  is  supported  by  the  fol- 
lowing considerations: 

1.   Water  must  enter  the  limestone  where  it  is  not  covered  with  clay. 
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2.  Once  in  rock  which  is  fissured  and  to  a  slight  extent  porous,  the 
water  must  ultimatel}'  occupy  even  those  parts  of  the  rock  that  are  cov- 
ered with  clay. 

3.  The  greatest  supply  of  water  is  found  near  the  top,  where  the 
limestone  is  most  highly  fissured  and  where,  therefore,  the  transmission 
of  pressure  is  most  quickly  accomplished. 

4.  The  deep  valleying  which  the  limestone  has  suffered  and  the  con- 
sequent relation  of  the  superimposed  clay  beds  to  the  shale  and  the 
eroded  edges  of  the  limestone  prevent  the  wide  distribution  of  perco- 
lating water  through  possible  porous  limestone  layers. 

5.  The  rock  is  unevenly  fissured.  If  there  is  any  connection  between 
the  fissured  condition  and  the  supply  from  above,  we  should  expect  the 
greatest  supply  where  the  rock  is  most  highly  fissured;  also  a  consider- 
able disparity  in  the  depths  of  wells,  even  though  such  wells  are  within 
short  distances  of  one  another.  Many  examples  of  the  latter  condition 
are  found  among  rock  wells. 

6.  The  rock  being  unevenly  fissured  and  of  different  degrees  of 
porosity,  a  combination  of  unfavorable  conditions  may  result  and  no 
water  may  be  procurable  from  the  rock  in  some  places.  Such  condi- 
tions have  been  known  to  occur,  although  the  number  of  cases  is  rare. 
One  of  the  most  notable  occurred  in  November,  1903,  when  a  boring 
was  made  for  water  by  the  city  waterworks  company.  On^the  map 
the  well  is  indicated  by  the  number  2:^.  The  following  material  was 
encountered: 

Secturn  of  dry  boring  at  Marion^  Ind. 

Feel. 

(1 )  Sand  and  gravel (M50 

(2)  Mixed  gravel  and  clay 50-169 

(3)  Limestone  (Niagara) 169-287 

Note. — No  water  wtw  obtained  and  the  hoU  was  abandoned. 

7.  So  far  as  the  writer  has  been  able  to  determine,  there  are  no  suc- 
cessful wells  in  the  limestone  at  an}'  depth  where  the  limestone  comes 
very  near  to  the  surface,  while  in  the  valle3'S  the  wells  in  the  rock  are 
scarcely  ever  unsuccessful  and  they  nearly  always  flow. 

HUDSON   RIVER   LIMESTONE   AND   UTICA   SHALE. 

This  group  occurs  about  865  feet  below  the  surface  and  is  about  560 
feet  thick,  the  Trenton  limestone  beginning  at  about  925  feet.  The 
shales  are  somewhat  calcareous,  and  near  the  top  and  bottom  of  the 
series  there  are  frequent  intercalations  of  bluish  thin-bedded  lime- 
stones. The  formation  is  not  water  bearing  except  near  the  bottom, 
where  water,  saline  in  quality,  sometimes  oa'urs. 

TRENTON   LIMESTONE. 

This  limestone  is  dull  gray  in  color,  except  where  it  is  most  calcitic, 
and  there  it  is  nearly  white.     Oil  occurs  near  the  top  of  the  forma- 
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tion,  where  the  rock  is  extremely  porous.  Beneath  the  oil  is  saltwater, 
which  is  pumped  out  with  the  crude  oil  in  large  quantities.  If  pump- 
ing is  cx)ntinued  irregularly  the  oil  well  may  be  i>ermanently  injured 
by  the  inflow  of  salt  water.  In  the  earlier  days  of  oil  wells  the  driller 
frequently  drilled  to  too  great  a  depth  and  the  inflow  of  brine  was  so 
.strong  that  the  well  became  useless.  In  order  to  form  a  reservoir  for 
the  collection  of  oil  the  limestone  must  be  entered  some  distance,  and 
the  most  successful  wells  are  those  which  are  drilled  deep  enough  to 
allow  a  large  amount  of  oil  to  collect  and  still  be  some  distance  above 
the  upper  level  of  the  brine.  The  oil'wells  are  usually  about  1,050 
feet  deep,  the  oil  rising  to  within  600  or  700  feet  of  the  surface. 

SOURCES    OF    CONTAMTNATION. 

Scarcely  a  week  passes  but  the  boring  of  an  oil  well  near  Marion  is 
completed  and  the  well  is  ^'shot"  with  nitroglycerine.  The  shooting, 
no  doubt,  breaks  up  the  porous  Trenton  limestone  and  forms  fissures 
and  small  caverns,  which  act  as  reservoirs  into  which  the  oil  will  flow 
if  this  substance  occupies  the  pores  of  the  rock  at  that  place.  The 
surface  effect  of  the  shooting  is  the  violent  ejection  of  salt  water  and 
oiU  often  to  the  estimated  amount  of  thousands  of  gallons.  The  oil 
and  salt  water  sink  into  the  soil,  where  it  is  suflicientl}'  porous,  and 
finally  reach  the  surface  zone  of  underground  flow,  where  they  par- 
take of  the  general  movement  of  the  water  toward  the  main  line  of 
underground  drainage. 

Wells  reaching  this  saturated  zone  and  lying  between  the  oil  well 
and  this  line  of  drainage,  or  thalweg,  become  polluted.  This  takes 
plac«  even  though  the  amount  of  oil  contributed  during  a  week  or  a 
month  should  be  small;  for  the  oil,  being  lighter  than  the  water  and 
having  greater  viscosity,  is  subject  to  less  favorable  conditions  of 
lateral  flow,  and  the  ratio  of  the  amount  of  it  in  the  well  to  the  height 
of  the  vertical  water  column  of  which  it  forms  a  part  tends  to  be 
greater  than  the  ratio  expressing  a  normal  condition  elsewhere  in  the 
saturated  zone. 

By  a  similar  process  of  reasoning  we  are  led  to  believe  that  the 
brine,  but  not  the  oil,  should  pollute  wells  which  derive  water  from 
deeper  zones  of  flow  or  from  the  bottom  of  the  surface  zone.  This 
will  be  true  especially  where  depressions  occur  in  the  clay  of  the 
drift,  or  along  the  main  line  of  underground  drainage.  This  con- 
clusion seems  to  be  supported,  in  part  at  least,  bj^  the  records  given 
elsewhere  in  this  paper,  its  final  justification  depending  on  its  accord- 
ance with  a  larger  amount  of  data.  The  slope  of  the  ground  being 
usually  indicative  of  the  direction  of  flow  of  underground  water,  an 
examination  of  the  surface  slopes  with  reference  to  a  near-by  water 
well  should  indicate  whether  or  not  pollution  ma}'  arise  in  a  given 
Io(*ality  through  the  circumstances  attending  the  sinking  and  working 
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of  an  oil  well.  In  sinking  water  wells,  depressions  in  the  drift  should 
be  avoided,  as  well  as  the  deeper  parts  of  the  valley.  As  will  appear 
more  clearly  later  in  this  discussion,  however,  the  burden  of  responsi- 
bility for  contamination  rests  not  on  the  owners  of  water  wells  but 
on  the  owners  of  oil  wells,  for  the  latter  are  usually  in  the  field 
later  than  the  former  and  locate  their  wells  often  with  no  regard  to 
the  rights  of  others  and  in  contempt  of  well-established  theories  of 
contamination. 

If  the  contamination  of  wells  were  due  alone  to  the  oil  and  salt 
water  which  is  thrown  out  at  the  shooting  of  a .  well  the  number  of 
cases  of  pollution  might  be  much  smaller  than  it  is  now,  for  a  great 
deal  of  the  liquid  thrown  out  runs  off  quickly  into  the  creeks,  and  only 
a  part  of  it,  except  where  the  surface  is  level  or  the  ground  porous, 
sinks  into  the  soil.  There  is  another  and  more  prolific  source  of  con- 
tamination. The  brine  and  oil  pumped  from  an  oil  well  are  delivered 
to  a  tank  having  a  capacity  of  100  barrels  or  more.  Near  the  bottom 
of  the  tank  a  pipe  leads  up  at  an  angle  with  the  side,  and  it  is  through 
this  pipe  that  the  salt  water  is  allowed  to  escape.  (See  PL  IV.)  A 
little  below  the  level  of  the  top  of  the  liquid  in  the  tank  another  pipe 
leads  off.  It  is  through  this  one  that  the  oil  is  conducted.  The  adjust- 
ment of  these  two  pipes  is  made  with  reference  to  the  capacity  of  the 
well,  so  that  but  little  waste  of  oil  occurs  from  this  source.  Some, 
however,  does  find  its  way  out  of  the  pipe  intended  to  convey  only  salt 
water,  and  this  oil,  together  with  that  which  is  derived  from  various 
leaks  in  the  tank  and  from  pumping,  result  in  a  constant  flow  of  brine 
and  oil  from  the  well  and  tank.  In  many  cases  the  owners  of  these 
wells  pay  no  attention  to  the  disposition  of  this  refuse,  but  allow  it  to 
lie  in  pools  or  to  run  slowly  over  the  adjoining  fields.  Some  of  it 
finds  its  way  into  the  creeks  and  so  into  the  river,  while  still  another 
part  sinks  slowly  into  the  ground.  In  some  cases  the  attention  of 
owners  has  been  called  to  the  danger  of  pollution,  but  only  a  few  of 
them  take  the  precaution  to  construct  a  ditch  from  the  well  to  the 
nearest  ravine  or  creek. 

It  is  instructive  in  this  connection  to  note  the  manner  in  which  pipes 
are  inserted  into  the  bore  holes  in  rock  and  the  danger  of  pollution 
resulting  from  this  method.  An  8-inch  pipe,  called  a  drivepipe,  is 
driven  down  through  the  various  materials  above  the  rock  as  rapidly 
as  the  material  at  the  bottom  of  the  pipe  can  be  removed  by  means  of 
a  sand  bucket,  and  is  then  forced  into  the  upper  limestone  to  a  distance 
of  from  5  to  15  feet.  With  the  largest  drill  that  will  work  in  the  casing 
the  hole  is  continued  down  through  the  upper  limestone  as  far  as  the 
shale  overlying  the  Trenton  limestone.  Here  the  size  of  the  bit  is 
reduced,  and,  after  the  hole  is  drilled  some  distance  into  the  shale,  the 
hole  is  eased  with  a  5f-inch  pipe.  The  shale  itself  contiiius  no  water, 
except  very  small  amounts  near  its  base,  but  the  limestone  overlying 
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it  is  saturated.  It  is  the  effort  of  the  driller  to  so  tightly  fit  the  casing 
into  the  shale  that  no  water  from  the  overlying  limestone  can  follow 
down  the  pipe  to  its  open  lower  end.  Such  a  passage  along  the  pipe 
would  either  allow  the  oil  to  escape  upward,  or  the  surficial  waters, 
with  sand,  clay,  etc.,  to  pass  downward  into  the  oil,  according  to  the 
direction  of  circulation. 

The  space  between  the  casing  and  the  sides  of  the  hole  in  the  lime- 
stone permits  such  oil  and  brine  as  have  passed  downward  through  the 
soil  to  have  easv  access  to  the  waters  in  the  limestone.  This  takes 
place  oftenest  where  the  limestone  is  near  the  surface  and  where  the 
material  above  it  consists  wholly  of  sand  and  gravel.  The  water  in 
this  loose  material  will  tend  to  move  nearly  vertically  downward,  but 
contamination  will  occur  with  almost  equal  certainty  where  the  direc- 
tion of  movement  has  a  strong  horizontal  component,  the  wells  being 
so  numerous  and  crowded  that  the  refuse  from  one  readily  contami- 
nates the  water  in  the  rock  adjacent  to  others.  In  the  vicinity  of  the 
Thirty -eighth  Street  Bridge  the  water  table  stands  from  30  to  36  feet 
below  the  surface,  showing  that  the  movement  of  whatever  additions 
it  may  be  receiving  by  downward  percolation  from  the  surface  must  be 
nearly  vertical,  as  evidences  of  lateral  movement,  as  expressed  by  any 
rise  of  the  water  table,  are  absent.  The  water  level  in  the  rock  at  this 
and  similar  places  seems  to  supply  additional  proof  of  the  local  sources 
of  the  water.  The  flowing  wells  in  the  valley  are  at  least  50  or  60  feet 
lower  than  those  about  Thirty -eighth  Street  Bridge,  and  the  height  to 
which  the  water  will  rise  in  the  strongest  of  the  flowing  wells  seems  to 
be  always  somewhat  less  than  the  height  of  the  water  level  in  adjacent 
areas.  Precise  levels  run  to  the  various  wells  would  furnish  data  of 
great  value  in  settling  questionable  points  of  this  nature. 

Where  artesian  effect  is  pronounced  pollution  from  the  source  under 
consideration  may  not  be  accomplished  as  readily,  though  it  seems  that 
in  time  the  inflow  of  salt  water  near  the  head  would  contaminate  most 
of  the  water  in  the  rock.  The  likelihood  of  such  an  occurrence  is 
being  strengthened  continually  because  of  the  constantly  increasing 
number  of  oil  wells.  The  water  from  many  rock  wells  shows  at  the 
present  time  an  extremely  high  percentage  of  chlorine,  and  it  is  quite 
possible  that  it  is  now  derived  from  that  source,  though,  because  of 
the  relatively  small  amount  delivered,  diffusion  does  not  allow  the 
result  to  be  so  noticeable  as  it  may  in  time  become  when  the  supply  is 
increased. 

It  has  been  shown  before  that  a  differentiation  of  the  refuse  from  an 
oil  well  may  be  expected  to  take  place,  the  oil  remaining  undiffused 
and  comparatively  near  the  surface,  while  the  salt  water  sinks  down 
until  diffusion  destroys  the  disparity  existing  between  the  specific 
gravities  of  the  brine  and  the  water  derived  from  rainfall.  There  is, 
therefore,  more  danger  arising  from  the  complete  contamination  of 
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well8  near  the  surface  by  means  of  oil  than  in  the  case  of  deeper 
wells  from  brine.  This  is  true  especially  where  the  water  table  is 
lowered  through  excessive  pumping.  Any  oil  near  the  surface  will 
be  induced  to  assume  lower  and  lower  levels  until,  as  pumping  increases^ 
it  is  drawn  into  the  pipe.  The  example  of  this  occurrence  quoted  below 
is  all  the  more  interesting  when  it  is  known  that  the  above  deduction 
was  reached  before  examples  of  this  sort  of  thing  were  known. 

''On  December  1,"  writes  Mr.  Hulley,  ''the  water  wells  [24  on  the 
map]  of  the  Indiana  Brewing  Association,  at  Marion,  began  pumping 
oil.  They  are  160  feet  deep  and  in  gravel.  They  are  flowing  wells, 
but  the  flow  not  being  suflicient,  pumping  by  means  of  air  lift  is 
resorted  to.  When  the  amount  of  oil  in  the  water  becomes  too  great 
the  pumps  are  stopped,  and  after  standing  for  some  time,  so  that  the 
wells  begin  to  flow,  oil  ceases  to  occur  in  the  water.  When  pumping 
is  resumed  no  oil  is  noticeable  until  the  water  level  is  lowered  consider- 
ably through  pumping."  Mr.  Hulley  says  further  that  the  oil  is  with- 
out odor,  showing  that  it  has  been  purified  b}'  passing  through  sand 
and  gravel  and  that  it  has  evidently  gotten  into  the  ground  from  some 
distant  source,  as  there  are  no  oil  wells  near  by. 

There  are  thus  seen  to  be  two  chief  sources  of  danger  of  contamina- 
tion. Oil  and  brine  may  escape  between  the  casing  and  the  shale  and, 
rising  to  the  porous  or  fissured  layers  of  limestone,  may  contaminate 
the  water  therein,  or  they  may  sink  down  through  the  soil  from  stag- 
nant pools  of  refuse  at  the  surface.  The  danger  arising  from  the 
former  source  seems  to  be  very  small,  for,  considering  the  height  to 
which  the  oil  will  naturally  rise  and  the  fact  that  the  oil  wells  are  fre- 
quently not  pumped  for  a  day  or  two,  the  return  of  the  oil  from  the 
outside  of  the  casing  into  the  well  would  be  accompanied  by  an  inflow 
of  sand  which  would  be  destructive  to  the  well.  This  is  probably  but 
seldom  the  case.  Where  wells  have  been  sand  choked  it  has  not  as 
yet  been  definitely  proved  whether  the  source  of  the  sand  was  from 
above  or  below,  the  difficulty  being  that  in  both  cases  it  would  be 
derived  from  limestone.  Until  this  danger  has  been  proved  to  be 
actual  no  regulation  by  law  will  or  should  be  attempted. 

Regarding  the  latter  source  of  danger,  from  water  seeping  through 
the  soil  from  above,  there  is  pretty  conclusive  proof.  Moreover,  the 
evil  effects  of  the  condition  are  so  widespread  and  the  remedy  is  so 
simple  that  the  disposition  of  oil  refuse  should  be  made  a  subject  of 
legislative  enactment.  In  the  country  districts  there  is  little  need  for 
vigilance  beyond  securing  the  quick  removal  of  oil  refuse  to  the  nearest 
stream  by  means  of  ditches  and  the  intelligent  selection,  with  refer- 
ence to  the  probable  movement  of  the  underground  water,  of  sites  for 
oil  wells.  It  is  in  the  thickly  settled  parts  of  the  State,  in  villages 
and  cities  where  water  wells  are  more  numerous,  and  where  they  can 
not  always  be  properly  located,  that  the  need  for  «  remedy  is  most 
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urgent.  The  oil  wells  are,  as  a  rule,  yielding  a  lavish  return  to  their 
owners,  and  there  is  no  reason  why  these  owners  should  not  be  com- 
pelled within  proper  limits  to  join  in  the  construction  of  sewers  which 
will  convey  oil  refuse  to  the  river. 

The  streams  in  this  region  are  all  more  or  less  polluted,  the  water 
having  an  exceedingly  unpleasant  odor  and  a  yellowish-white  color. 
This  is  the  color  of  the  brine  as  it  is  pumped  f  i*om  the  wells  and  is  due 
to  the  presence  of  sulphur.  From  time  to  time  public  interest  is 
aroused  by  the  unsightly  condition  of  the  streams  and  there  is  much 
discussion  in  regard  to  the  disposition  of  the  water.  In  Marion  the 
discussion  centers  about  Boots  Creek,  for  it  is  this  creek  which  runs 
through  the  city  and  is  thought  to  endanger  health.  At  the  present 
time  there  is  under  consideration  the  building  of  an  aqueduct  for  the 
transportation  of  this  water  to  the  M ississinewa. 

Regarding  the  healthfulness  of  these  streams,  it  is  noteworthy  that 
Ijefore  the  beginning  of  the  oil  and  gas  industry  they  were  so  sluggish 
that  in  the  dry  season,  when  they  were  a  mere  succession  of  pools,  the 
stagnant  condition  of  the  water,  aided  by  the  addition  of  sewage  and 
foul  vegetable  matter,  resulted  frequently  in  typhoid  fever,  while  at 
the  present  time,  owing  to  the  steady  contributions  from  oil  and  gas 
wells,  there  is  active  circulation  of  water  throughout  the  entire  year. 

Dr.  W.  A.  Fankboner,  of  Marion,  has  this  to  say  about  the  condi- 
tion of  Boots  Creek:  '*  Its  condition  now  is  more  healthful  than  before 
oil  refuse  was  turned  into  it.  To  be  sure,  to  some  people  the  odor  is 
unpleasant,  but  the  stream  is  not  overgrown  with  weeds  and  covered 
with  slime,  as  it  formerly  was  at  certain  times  of  the  year;  and  the  oil 
has  made  it  unpleasant  as  a  breeding  place  for  mosquitoes.'^  He  also 
says  that  there  is  no  ground  for  the  charge  that  more  cases  of  typhoid 
fever  have  occurred  along  this  creek  than  along  other  creeks  but 
slightly  polluted. 

The  consideration  of  all  the  foregoing  possibilities,  together  with 
the  fact  that  the  city  of  Marion  depends  for  its  water  supply  upon 
rock  wells  (the  surface  wells  not  supplying  an  adequate  amount), 
makes  the  danger  seem  very  grave. 

There  are  at  least  75  oil  wells  in  a  few  square  miles  of  territory 
near  Thirty-eighth  Street  Bridge,  where  clay  does  not  overlie  the 
rock.  The  amount  of  oil  refuse  that  finds  its  way  into  the  limestone 
is  enormous,  200  or  300  surface  and  rock  wells  in  this  area,  according 
to  Mr.  Weigel,  suffering  contamination,  and  unless  this  refuse  is 
drained  oflf  into  the  river  and  not  allowed*  to  sink  into  the  soil  the 
gravest  fears  may  be  entertained  for  the  continued  purit}"  of  the  city 
of  Marion's  water  supply.  A  number  of  these  wells  were  visited  and 
the  water  examined.  Among  them  were  those  l>elonging  to  Doctor 
Snodgrass  and  Messrs.  Vansky  and  Keene.  The  location  of  these 
three  wells  is  indicated  on  the  map  by  the  number  23  (p.  39).     In  other 
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places,  where  clay  overlies  the  rock  to  some  thickness,  the  present 
danger  may  not  be  so  great,  although  ultimately,  because  of  the 
nature  of  the  source  from  which  all  the  water  in  the  upper  limestone 
is  derived,  the  water  will  become  contaminated  even  at  these  places. 

With  reference  to  this  point,  it  has  too  long  been  the  custom  to 
make  light  of  a  situation  that  in  a  j^ear  or  so  may  become  very  grave. 
Deeper  sources  of  good  water  are  unknown  in  this  part  of  the  State. 
The  shale  beneath  the  Niagara  limestone  yields  practically  no  water, 
the  little  it  does  yield  being  saline,  while  still  deeper  is  the  Trenton 
limestone,  full  of  oil  and  brine.  Neither  can  the  water  from  the 
streams  be  utilized,  the  constant  inflow  of  brine  and  oil  from  adjacent 
oil  wells  rendering  this  plan  impossible.  Here  pi'actically  the  single 
source  of  the  water  supply  of  27,000  people  is  threatened,  and  yet  no 
adequate  interest  is  aroused  and  no  means  are  taken  to  prevent  the 
danger. 

The  plea  has  been  made  that  it  is  a  necessary  evil.  The  recent  epi- 
demic of  typhoid  fever  at  Butler,  Pa.,  was  due  to  just  as  "  necessary'' 
an  evil,  but  that  outbreak  not  only  made  the  so-called  necessity  appear 
diminutive  but  made  the  neglect  of  such  conditions  seem  criminal. 
It  is  not  inferred  that  the  same  disease  will  follow  the  contamination 
of  water  through  oil  and  brine,  but  it  is  inferred  and  emphasized  that 
the  discomfort  and  expense  attending  such  contamination  and  the  con- 
sequent lack  of  pure  water  may  result  in  evils  quite  as  great. 

It  is  not  sufficient  to  begin  a  study  of  remedies  after  mischief  has 
been  done.  If  even  the  probability  of  pollution  of  city  water  is 
proved,  prompt  means  should  be  taken  to  prevent  such  pollution. 


SUPPLEMENTARY  NOTE. 


By  Marshall  Ora  Lgighton. 


To  carry  oil-well  wastes  as  directly  as  possible  into  runnin^]^  streams 
of  water  in  ac^cordance  with  the  plan  recommended  in  the  preceding 
pages  for  the  relief  of  ground-water  supplies  from  pollution  by  oil  and 
brine  involves  the  direct  pollution  of  the  streams  to  an  extent  even 
greater  than  they  are  now  contaminated  in  the  oil  fields.  The  ques- 
tion immediately  presented  is  whether  it  is  better  from  an  economic 
standpoint  to  preserve  local  ground  waters  at  the  expense  of  surface 
waters  which  in  flowing  downstream  affect  wide  areas,  or  to  conserve 
the  interests  of  many  riparian  owners  below  and,  so  far  as  may  be  pos- 
sible, to  retain  these  wastes  in  the  immediate  localities  from  which  they 
are  derived.  It  may  be  argued  that  any  locality  in  which  oil  wells  are 
developed  has,  by  reason  of  that  development,  such  extraordinary 
ecomonic  advantages  that  it  may  well  afford  to  suffer  for  any  incidental 
loss  which  may  arise  from  waste  oil  and  brine.  And  is  not  the 
pecuniary  advantage  which  follows  the  discovery  of  oil  entirely  com- 
pensatory for  the  loss  of  water  resources?  On  the  other  hand,  if  the 
polluting  matter  is  turned  into  the  streams  it  destroys  the  value  of 
water  to  lower  riparian  owners,  who  at  common  law  have  a  right  to 
that  water  in  its  purest  natural  state.  The  result  of  such  procedure 
would  be  to  relieve  the  fortunate  oil  region  from  an  unfavorable 
feature  which  it  is  amply  able  to  bear — in  other  words,  to  enable 
it  further  to  enrich  itself  at  the  expense  of  districts  that  are  unaided 
b}'  the  presence  of  oil  deposits.  Yet  with  reference  to  the  other  side  of 
the  question,  it  may  be  said  that  if  all  possible  precautions  were  taken  to 
hold  oil  and  brine  waters  within  the  oil  regions  there  would  still  be  a 
pollution  of  rivers  nearly  if  not  quite  as  complete  as  would  arise  from 
carrying  out  the  plan  suggested  by  Mr.  Bowman.  There  is  no  doubt 
that  where  oil  deposits  are  developed  stream  pollution  is  inevitable. 
The  rain  which  falls  upon  the  earth  will  carry  with  it  oil  and  brine 
which  it  encounters  on  the  earth's  surface.  In  addition  to  this,  the 
percolating  water  will  reach  the  lowest  level,  and  whether  this  water 
be  rain  or  oil  and  brine  the  streams  will  still  be  polluted. 
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On  the  other  hand,  the  people  living  in  the  oil  regions  must  have 
sweet  water  for  domestic  purposes.  This  is  a  necessity  which  tran- 
scends all  other  economic  demands.  As  shown  in  Mr.  Bowman's  dis- 
cussion, the  rivers  in  the  Marion  region  are  already  unavailable  as 
sources  of  pure  water  supply,  and  the  only  supply  remaining  is  ground 
water.  Therefore,  as  we  can  not  save  the  stream  and  can  save  the 
ground  water,  there  appears  to  be  no  question  concerning  the  wisdom 
of  accomplishing  the  latter  end.  Stream  pollution  in  this  case,  as  in 
certain  others,  is  a  part  of  the  price  paid  for  the  accumulation  of 
natural  wealth.  It  can  be  considered  an  inevitable  loss  with  equa- 
nimity, as  it  is  only  a  temporary,  loss.  Oil  fields  in  time  become  ex- 
hausted and  in  due  season  the  rivers  will  regain  their  pure  condition. 
It  would  require  an  incomparably  longer  time  to  redeem  an  oil  and 
brine  besodden  earth. 

All  things  considered,  the  recommendations  set  forth  in  the  fore- 
going paper  seem  to  be  the  wisest  and  most  expedient  that  present 
themselves  at  the  present  time. 
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UNDERGROUND  WATERS  OF  EASTERN  UNITED 

STATES. 


M.  L,  Fuller, 

Oeologigl  in  charge, 

INTRODUCTION. 

By  M.  L,  Fuller. 

The  present  paper  is  a  brief  summary  of  the  underground  water 
conditions  in  eastern  United  States,  prepared  to  meet  the  demands  of 
drillers  and  others  for  information  i*elating  to  the  general  water 
resources  of  the  various  States  or  of  specified  regions. 

The  detail  with  which  the  several  regions  or  subjects  are  discussed 
depends  mainly  on  their  relative  importance,  although  because  of  the 
greater  amount  of  work  done  in  certain  localities,  or  on  certain  prob- 
lems, it  is  possible  to  make  more  complete  and  definite  statements  in 
regard  to  the  underground  water  supplies  in  some  regions  than  in 
others.  The  included  reports  have  been  prepared  by  a  number  of 
geologists,  each,  in  general,  having  charge  of  the  investigations  in  a 
particular  State  or  group  of  States.  Because  of  the  number  of  con- 
tributors there  is  necessarily  considerable  variation  in  the  manner  of 
treatment  of  the  subject,  but  in  most  cases  the  same  general  plan  has 
been  followed. 

In  preparing  the  paper  simplicity  of  treatment  has  been  kept  in 
mind,  and  elaborate  geologic  discussions  have  been  omitted.  Wher- 
ever possible  maps  have  been  given  in  preference  to  long  and  possibly 
obscure  discussions.  In  some  instances,  however,  it  has  been  neces- 
sary to  describe  the  various  water-bearing  formations  under  their 
geologic  names.  Where  this  has  been  necessary  the  aim  has  been  to 
employ  those  terms  which  are  oldest  and  best  known  to  the  people  of 
the  States  to  which  the  discussion  relates. 

For  the  purpose  of  presenting  in  a  simple  manner  a  few  of  the 
more  important  features  relating  to  the  nature  and  occurrence  of  sub- 
terranean waters  and  of  making  more  intelligible  the  descriptions  of 
the  conditions  in  the  various  States,  there  is  given  a  shoi*t  paper  on 
the  general  occurrence  of  underground  waters. 
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OCCURRENCE  OF  UNDERGROUND  WATERS. 


By  M.  L.  FuLLEB. 


SOURCES  OF  GROUND  WATER. 

In  general  those  who  have  written  on  underground  waters  have 
stated  that  rainfall  is  the  only  source  of  underground  waters.  In 
reality,  however,  while  rainfall  probably  contributes  at  least  99  per 
cent  to  the  total  subterranean  water,  there  are  several  other  possible 
sources  of  such  water. 

It  is  a  well-known  fact  that  in  coi*al  and  other  islands  of  porous 
material,  such  as  sand  and  gravel,  especially  where  the  rainfall  is  lights, 
the  sea  water  penetrates  through  the  pores  of  the  rock  for  a  consid- 
erable distance  inland.  Where  the  rainfall  is  heavy  the  salt  water 
may  be  displaced  to  some  depth  by  fresh  water,  but  the  downward 
penetration  of  the  fresh  water  must  be  necessarily  limited.  In  other 
instances  sea  water  is  known  to  penetrate  along  solution  passages  or 
caverns  into  the  interior  of  limestones,  and  at  Cephalonia,  in  Greece, 
a  stream  of  salt  water  leaves  the  sea  and,  passing  inland,  finally  disap- 
pears into  porous  limestones. 

By  far  the  larger  portion  of  the  sedimentary  deposits,  including 
sandstones,  shales,  limestones,  etc.,  were  originally  laid  down  along 
the  borders  or  beneath  the  surface  of  the  ocean  and  were,  of  course, 
originally  saturated  with  salt  water.  It  is  probable  that  this  water 
was  often  retained  in  the  materials  when  they  became  consolidated 
into  rocks,  and  is  represented  by  the  salt  water  now  found  at  great 
depths  in  many  of  the  wells  drilled  for  oil  and  gas,  in  which  it  is  not 
uncommon  to  encounter,  after  passing  through  many  hundred  feet  of 
entirely  dry  rock,  porous  beds  filled  with  salt  water,  possibly  accom- 
panied })y  gas  and  oil.  It  is  claimed  by  others,  however,  that  the  salt 
waters  are  not  originally  included  portions  of  the  sea,  but  are  surfai'e 
waters  which  have  become  charged  with  mineral  matter  which  the}'^ 
have  dissolved  in  the  course  of  their  passage  through  the  rock. 

Practically  all  volcanic  rocks  contain  water  when  they  are  erupted 
at  the  surface  and  all  eruptions  are  accompanied  by  discharges  of  large 
amounts  of  steam.  The  occurrence  of  this  water  has  been  accounted 
for  in  several  ways.  It  may  have  been  originally  included  in  the  rocks 
which  were  melted  to  form  the  lava,  or  it  may  represent  water  which 
18 
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has  penetrated  downward  through  fissures  und  come  in  contact  with 
the  molten  lava  on  ite  way  to  the  nurface. 

AMOUNT  OF   RAINFALL. 

The  rainfall  in  the  eastern  United  States  is  abundant,  and  althoagh 
only  a  portion  of  it  is  a))sorbed  by  the  earth  and  becomes  a  part  of  the 
subterranean  stores,  the  amount  is  sufficient  to  furnish  ample  under- 


F[C.  1.— fUinlalt  map  of  eastern  Unli«d  Stales.    Figures  represent  luchee  at  annual  rainfall. 

groand  supplies  for  a  large  proportion  of  the  inhabitants.  The  aver- 
age rainfall  varies  from  20  to  nearly  70  inches,  the  lowest  tieing  in  the 
extreme  northwestern  portion  of  Minnesota.  Rain  to  a  depth  of  over 
60  inches  a  year  falls  on  the  Mississippi  delta  below  New  Orleans  and 
along  the  Gulf  coast  from  near  Mobile,  Ala.,  to  Talkhaasee,  Fla. 
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Similar  amounts  fall  in  the  higher  mountains  of  western  North  Caro- 
lina and  eastern  Tennessee,  along  the  coast  of  North  Carolina,  and  in 
the  Adirondack  and  White  mountains.  In  the  Oulf  and  South  Atlantic 
States  the  rainfall  is  between  50  and  60  inches;  in  the  New  England, 
Central  Atlantic,  and  Ohio  River  States,  between  40  and  50  inches;  in 
the  Upper  Mississippi  and  Great  Lakes  States,  from  30  to  40  inches, 
while  in  northwestern  Iowa  and  most  of  Minnesota  the  rainfall  is  only 
from  20  to  80  inches. 

DISPOSAL  OF  RAINFALL. 

The  rainfall  is  removed  from  the  surf  ace.  principally  in  three  ways: 
(1)  By  evaporation;  (2)  by  run-off  through  the  streams,  and  (3)  by 
absorption  into  rocks  and  unconsolidated  deposits. 

Evaporation, — Evaporation,  although  far  less  conspicuous  than  the 
other  methods  of  removal  of  the  water,  is,  nevertheless,  one  of  the 
most  important.  The  amount  evaporated  depends  on  the  temperature 
and  the  relative  dryness  of  the  air,  and  commonly  amounts  to  one-half 
or  more  of  the  total  water  falling  as  rain.  Locally,  evaporation  is 
dependent  to  a  considerable  extent  on  the  density  of  the  vegetation, 
but  when  broad  areas  are  considered  the  amount  of  vegetation  has  a 
less  conspicuous  effect  on  the  total  evaporation. 

Rxm-off, — The  amount  of  rim-off  is  dependent  partly  on  evaporation 
and  partly  on  the  nature  of  the  materials  on  which  the  rain  falls.  The 
proportion  of  run-off  or  discharge  to  the  total  rainfall  is  indicated  for 
the  Mississippi  and  its  tributaries  in  the  following  table:  ^ 

Proportion  of  rtm-off  to  rainfall  in  Mississippi  basin. 

Percent. 

Ohio 24 

Missoari 15 

Upper  Mississippi 24 

Small  tributaries 15 

Arkansafl  and  White 15 

Red 20 

Yazoo 90 

St.  Francis 90 

Entire  Mississippi  system 25 

The  run-off  of  streams  in  New  England  is  considerably  greater. 
With  a  rainfall  which  averages  from  40  to  50  inches  the  run-off  of  a 
number  of  streams  is  as  follows: 

Proportion  of  rainfall  to  run-off  in  New  England, 

Inches. 

Kennebec 22. 4 

Androscogf^in 24. 2 

Merrimac 21. 3 

Absorption. — The  rainfall  that  is  not  removed  by  evaporation  oi:  by 
the  surface  streams  is  absorbed  by  the  soil  or  rocks  with  which  it 
comes  into  contact,  either  directly  or  after  being  gathered  into  streams. 

a  Humphreys  and  Abbot,  Phys.  and  Hydrol.  of  MiniiHippi  River,  Washington,  1861,  p.  136. 
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Abeorption  takes  place  both  directly  and  indirectly.  In  the  case  of 
direct  absorption  the  rain  falls  upon  the  surface  of  the  rock  and  the 
water  is  absorbed  either  by  its  pores  or  by  the  fissures  or  cavities 
which  it  may  contain.  In  indirect  absorption  the  water  is  first  directly 
absorbed  into  loose  unconsolidated  deposits  overlyinf^  the  solid  rocks, 
or  is  gathered  into  streams  flowing  over  their  surfaces.  In  those 
cases  where  the  rocks  are  directly  exposed  to  the  rainfall  the  water 
which  is  not  immediately  absorbed  runs  off  and  either  enters  loose 
materials  or  is  gathered  into  the  streams  as  indicated.  The  unconsoli- 
dated materials  soon  become  saturated  to  a  certain  level,  and  the  rocks 
upon  which  they  lie  are  in  this  way  kept  constantly  in  contact  with 
the  water,  which  is  continually  absorbed. 

In  the  case  of  the  water  entering  the  sands  and  gravels  the  direc- 
tion of  the  movement  is  generally  toward  the  river  rather  than  away 
from  it,  but  in  arid  regions,  where  the  rainfall  is  slight,  waters  are 
often  absorbed  by  the  gravels  from  the  streams  which  have  come  from 
regions  of  greater  rainfall.  The  relative  amount  of  water  indirectly 
absorbed  by  the  rocks  is  far  greater  than  that  directly  received  through 
rainfall. 

PBBMEABIIilTY  AlTD  STORAGE  CAPACITY  OP  ROCKS. 

Methods  of  absorption. — The  amount  of  water  which  enters  the 
rocks  or  other  materials  by  direct  absorption  varies  greatly  with  the 
nature  of  the  materials.    The  amount  absorbed  by  the  porous  beds  of 


Fig.  2.— Abeorptlye  conditions  of  outcrop. 

sands  and  gravels  that  occur  along  stream  valleys  and  along  lake 
shores  and  the  coast  is  very  large.  In  some  regions,  as  in  portions  of 
Cape  Cod  and  Long  Island,  there  are  practically  no  surface  streams, 
the  water  being  absorbed  by  the  soil  as  soon  as  it  falls  and  carried 
to  the  sea  by  underground  drainage. 

Next  to  unconsolidated  deposits,  the  rocks  which  present  the  condi- 
tions most  favorable  for  direct  absorption  are  the  sandstones  and  cer- 
tain of  the  porous  limestones.  In  the  case  of  the  granites,  slates,  and 
other  massive  rocks  the  direct  absorption  is  very  slight. 

Besides  the  character  of  the  material,  the  amount  of  absorption 
depends  very  largely  upon  the  inclination  of  the  porous  beds,  the 
amount  being  much  greater  in  the  gently  inclined  beds  than  in  those 
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having  steep  dips.  Thus  in  fig.  3  the  two  beds  represented  as  out- 
cropping on  a  level  surface  present  widely  different  absorptive  condi- 
tions owing  to  the  difference  in  area  of  their  absorptive  surfaces,  the 
exposed  surface  of  the  gently  sloping  bed  {a' — V)  being  several  times 
greater  than  that  of  the  highly  inclined  bed  {a — 5). 


Fiu.  3.— Relation  of  areas  of  ontcrop  to  dip. 

Bedding  plan^. — Bedding  planes  are  the  surfaces  separating  beds 
of  stratified  rock.  Where  the  character  of  the  rock  changes,  as  it 
frequently  does  along  these  bedding  planes,  the  conditions  are  generally 
very  much  more  favorable  for  the  passage  of  water  than  elsewhere  in 
the  rock.  The  same  is  true  in  igneous  rocks  where  two  types  of  rock 
come  together. 

Solution  ca/veims. — In  a  few  instances  waters  enter  the  ground  as 
definite  streams  through  caverns  or  other  passages  formed  by  the 
solution  of  limestone  and  other  similar  rock.  One  of  the  most  com- 
mom  methods  by  which  water  enters  the  limestones  is  by  means  of 
the  depressions  known  as  sink  holes.  These  sinks  are  due  to  the  caving 
in  of  underground  caverns  which  have  previously  })een  formed  by 
underground  streams.  A  connection  is  frequently  maintained  through 
these  sinks  between  the  surface  and  the  underground  channels,  and 
the  waters  falling  on  the  surface  flow  into  them  and  pass  downward  to 
join  the  underground  supplies.  PI.  I,  A^  shows  such  a  sink,  while 
PI.  I,  B^  shows  an  underground  channel  in  soluble  rock. 

FaultH. — A  fault  is  a  plane  or  fracture  which  cuts  the  rocks  and 
along  which  movement  has  taken  place,  resulting  in  the  displacement 


*  "^    c 

Pig.  4.— Common  types  of  faults. 

with  relation  to  one  another  of  the  rocks  on  the  opposite  sides.  Some- 
times the  fault  consists  of  a  single  plane,  with  solid  walls  on  either 
side,  as  indicated  in  fig.  4,  a,  but  in  many  cases  there  are  really  a  num- 
ber of  parallel  planes,  very  close  together,  along  which  slipping  has 
taken  place.  In  such  instances  the  rock  on  either  side  has  the  sheet}' 
appearance  indicated  in  the  cross  section,  fig.  4,  h.  In  other  cases  the 
rocks  on  either  side  of  the  fault  plane  are  completely  crushed  and  the 
fragments  more  or  less  disturbed  with  relation  to  one  anothe^.  In 
still  other  cases  the  fractures  are  irregular,  and  the  movement  of  the 
rocks  has  been  such  that  projecting  points  come  opposite  one  another, 
leaving  intervening  cavities,  as  shown  in  fig.  4,  c. 
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The  conditions  for  the  passage  of  water  are  least  favomble  in  the 
case  of  a  single  definite  fault  plane.  In  the  sheeted  type  of  faulting 
the  conditions  are  somewhat  more  favorable,  as  there  are  more  sur- 
faces along  which  the  water  can  penetrate.  Along  the  crushed  zones 
the  open  spaces  are  fi'equently  very  considerable  and  permit  the 
passage  of  large  amounts  of  water.  In  the  case  of  an  irregular  fault 
plane,  as  in  fig.  4,  d^  the  conditions  are  less  constant,  but  in  general  such 
a  fault  will  permit  of  the  passage  of  considerable  amounts  of  water. 

Jmntf<, — Joints  are  smooth  fracture  planes  cutting  the  rock  in  vari- 
ous directions.  They  differ  from  the  faults  in  that  there  has  been 
practically  no  motion  of  the  rocks  bordering  the  plane.  They  there- 
fore correspond  most  nearly  to  the  single  fault  plane  described  above, 
and  likewise  present  relatively  unfavorable  conditions  f6r  the  passage 
of  large  amounts  of  water.  At  the  same  time  water  in  moderate 
amounts  very  frequently  jmsses  along  such  planes,  especially  along 
the  line  of  intersection  of  two  or  more  planes.  PI.  II,  A^  illustrates 
an  outcrop  of  a  rock  ledge  cut  by  joints  in  two  directions  and  presents 
conditions  favorable  to  the  absorption  and  downward  passage  of  water. 

CUamage, — Cleavage  is  the  name  applied  to  the  minor  planes  cutting 
the  rock.  Unlike  the  joints  they  usually  run  in  only  one  direction, 
and  are  frequently  not  actual  fractures,  but  are  simply  lines  along 
w^hich  the  rock  would  tend  to  split  under  favorable  conditions.  Cleav- 
age is  best  devoloped  in  fine-grained  compact  rocks  of  which  the  well- 
known  roofing  slate  is  the  best  example.  PL  II,  B^  shows  a  number  of 
these  cleavage  planes  in  a  ledge  of  this  material.  Cleavage  does  not 
afford  as  ready  a  passage  for  the  water  as  the  other  features  described. 

Foliation  and  schistodty, — Foliation  and  schistosity  are  features 
due  to  the  occurrence  of  the  minerals  of  the  rock  in  thin  plate-like 
crystals  parallel  to  one  another.  The  arrangement  is  such  that  in 
many  instances  water  passes  with  some  readiness  into  the  rock  along 
the  planes  foimed  by  layers  or  laminaB  of  these  crystals. 

Porosity. — Porosity  is  the  term  given  to  designate  the  amount  of 
pores  or  open  spaces  between  the  particles  of  which  the  rock  is  made 
up.  In  a  general  way  porosity  is  determined  by  the  amount  of  water 
which  the  rock  is  capable  of  absorbing.  The  amount  varies  greatly, 
being  least  in  the  compact  igneous  rocks  and  greatest  in  sandstones 
and  loose  sand.  In  the  following  table  are  given  the  amounts  of  water 
which  a  cubic  foot  of  sand  and  some  common  rocks  will  absorb: 


Material. 

Water  ab- 
sorbed per 
cubic  foot. 

Material. 

Water  ab- 
sorbed per 
cubic  foot. 

Sand 

Q:witU, 

id 

2-6 
4 

Hi 

Dolomite 

Quarts. 
1-10 

Potwdam  Bandfrtone.       .    ...., 

Chalk 

8 

Tnastnc  sandstone 

Granite 

xiirt 

Trenton  limestone 
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PL  III  shows  the  appearance  of  two  sandstone  fragments  under  the 
microscope.  The  black  portions  in  these  sections  represent  what  were 
originally  open  spaces  between  the  grains. 

OCCURRENCE  AND  AMOUNT  OF  GROUND  WATER. 

Oceufrrence. — ^The  underground  water  which  has  been  derived  in  the 
various  ways  outlined  above  occurs  in  the  rocks  under  a  variety  of 
conditions.  A  part  occupies  the  spaces  along  the  bedding,  fault,  joint, 
and  cleavage'  planes  and  a  part  occurs  in  the  solution  channels  and 
caverns  dissolved  in  the  soluble  rocks.  The  various  fracture  planes 
indicated,  while  very  numerous  in  the  aggregate,  nevertheless  com- 
prise but  a  very  small  proportion  of  the  open  spaces  within  the  rock, 
as  they  are  limited  to  plane  surfaces.  The  poi'es,  or  spaces  between 
the  particles  which  make  up  the  rocks,  are,  on  the  contrar}^  every- 
where present  throughout  the  entire  mass  and  constitute  by  far  the 
larger  proportion  of  the  open  space  in  the  rock. 

Amount. — In  genei'al,  it  is  necessary  only  to  i)enetrate  a  few  feet  of 
strata  to  reach  a  zone  saturated  with  water,  the  depth  depending  upon 
the  amount  of  precipitation,  being  least  in  regions  of  much  rainfall 
and  greatest  in  arid  regions. 

The  downward  limit  of  penetration  of  the  water  is  dependent  upon 
a  variety  of  causes.  It  is  frequently  assumed  that  all  rocks  are  satu- 
rated to  great  depths,  the  limit  to  which  the  water  will  penetrate  being 
assumed  to  be  that  point  at  which  the  weight  of  the  rock  becomes  so 
enormous  that  pores  between  the  particles  can  not  exist.  This  limit 
has  been  placed  at  about  6  miles.  Practical  experience  in  well  drilling, 
however,  shows  that  the  assumption  that  all  rocks  are  saturated  below 
a  moderate  depth  is  far  from  being  substantiated.  In  the  Pennsylvania 
and  New  York  oil  regions,  for  instance,  it  is  a  very  common  experi- 
ence to  encounter,  at  a  depth  often  of  only  a  few  hundred  feet,  rocks 
which  are  practically  destitute  of  water.  These  include  coarse-grained 
open  sandstones,  capable  of  holding  large  amounts,  yet  as  far  as  can 
be  determined  they  are  absolutely  dry,  it  being  necessary  in  many 
instances  to  pour  in  from  the  top  the  water  necessary  for  the  process 
of  drilling.  In  some  instances  after  passing  through  these  water-free 
rocks  salt  waters  are  encountered,  but  it  is  very  rarely  the  case  that 
fresh  waters  are  found  below  the  dry  series.  In  some  instances  wells 
have  been  drilled  several  thousand  feet  without  encountering  any 
water  whatever  below  the  first  few  hundred  feet.  Although  the  rocks 
are  far  from  being  saturated,  slight  amounts  of  moisture  are  doubt- 
less held  in  the  pores. 

Notwithstanding  the  fact  that  the  depths  to  which  the  waters  pene- 
trate in  quantities  are  probably  much  less  than  is  frequently  assumed, 
there  is,  nevertheless,  an  enormous  amount  of  ground  water.  It  has 
been  estimated  that  the  average  pore  space  of  the  surface  rocks  is 
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about  10  per  cent  of  their  volume,  but  5  per  cent  will  probably  be 
found  to  be  more  nearly  correct. 

WATKR-BEARENG  FORMATIONS. 

All  rocks  contain  more  or  less  water  which,  as  pointed  out,  occupies 
either  cavities  in  the  rock  or  occurs  between  the  minute  pores.  The 
water  which  occurs  in  the  pores  is  given  up  readily  only  in  the  coarser 
rocks,  such  as  sandstones,  the  fine-grained  rocks  yielding  very  little 
of  such  water  when  penetrated  by  the  drill.  In  these  rocks,  the  water, 
when  found,  usually  comes  from  the  joint,  fault,  or  foliation  planes. 
The  conditions  of  the  occurrence  of  water  in  the  various  rocks  are 
very  variable  and  are  described  in  the  following  pages. 

Sand  and  gravel. — Sands  and  gravels  are  very  porous,  30  per  cent 
of  their  volume  frequently  being  made  up  of  free  space  between  the 
grains.  In  such  materials  the  whole  mass  is  saturated  with  water 
below  the  water  level,  and  when  penetrated  by  wells  copious  supplies 
are  quickly  yielded.  The  waters  are  generally  of  good  quality,  but  are 
sometimes  somewhat  mineralized,  the  material  being  derived  from  the 
more  soluble  fragments  and  particles  which  constitute  the  deposits. 

In  passing  downward  through  the  sands  surface  waters  are  sub- 
jected to  natural  filtration,  especially  in  the  finer  varieties,  and  the 
substances  with  which  they  may  have  originally  been  polluted  are  f  re- 
quentl}'  removed.  In  the  coarser  types  of  sand,  and  in  gravel,  the 
water  passes  downward  more  rapidly,  the  conditions  are  less  favoi'able 
for  filtration,  and  the  waters  may  remain  polluted.  In  general,  how- 
ever, waters  from  sand  and  gravels,  if  taken  from  a  considerable  dis- 
tance below  the  surface,  are  safe  to  use. 

In  the  sands  and  finer  gravels  the  cheapest  and  best  method  of 
obtaining  water  is  by  driven  wells,  which  can  be  sunk  quickly  and  at  a 
very  slight  cost.  In  the  very  fine  sands  or  quicksands,  however,  it  is 
very  difficult  to  exclude  the .  material  from  the  pipes,  the  quicksand 
frequently  penetrating  the  well  and  clogging  the  pipe  or  ruining  the 
pump.  Because  of  the  readiness  with  which  sands  and  gravels  yield 
their  water,  wells  located  close  together  frequently  affect  one  another, 
the  lower  well  or  the  wells  which  draw  from  the  sand  at  the  lowest 
points  drawing  the  water  from  the  higher  wells.  The  readiness  of 
movement  of  the  water  is  also  the  cause  of  important  fluctuations  of 
level  of  the  surface  of  the  saturated  zone,  the  water  level  often  falling 
rapidly  after  wet  seasons.  To  secure  permanent  supplies  the  wells 
should  penetrate  to  the  level'which  the  water  surface  occupies  in  the 
driest  seasons. 

Clay. — Clay  is  very  impervious  to  water,  and  in  itself  contains  little 
or  none  which  can  be  utilized  as  a  source  of  supply.  Water,  how- 
ever, is  frequently  reported  in  clays,  but  usually  comes  from  more 
or  less  sandy  layers.     In  some  cases  sand  which  approaches  clay  in 
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fineness,  and  which  is  sometimes  mistaken  for  clay,  yields  considerable 
amounts  of  water.  Clay  is  of  the  greatest  importance,  not  as  a  water- 
bearer  but  as  a  confining  layer  to  porous  sands,  from  which  it  pre- 
vents the  water  from  escaping.  The  waters  of  clays,  because  of  the 
fineness  of  the  material,  come  into  contact  with  relatively  large  amounts 
of  mineral  matter  and  frequently  become  mineralized,  lime  and  salt 
being  the  most  common  substances  dissolved.  The  waters  of  clays 
are,  as  a  rule,  free  from  contamination.  When,  because  of  the  absence 
of  other  sources,  it  is  necessary  to  obtain  supplies  from  clay,  a  well 
should  be  sunk  with  as  large  a  diameter  as  possible  and  ex)ntinued 
beneath  the  point  at  which  the  water  is  obtained  to  a  sulSScient  depth 
to  furnish  ample  storage  capacity,  as  clay  waters  are  slight  in  amount 
and  are  yielded  very  slowly.  Dug  wells  are  usually  most  satisfactory 
where  the  clay  is  near  the  surface,  but  such  wells  should  be  carefully 
covered  and  guarded  from  all  sources  of  pollution  (see  fig.  5). 

Till. — Till  is  a  heterogeneous  mixture  of  clay,  sand,  gravel,  and 
bowlders,  deposited  by  glaciers  in  the  northern  portion  of  the  coun- 

try.     In  texture  it  varies  from 

porous  to  impervious  according 
'^  to  whether  sand  or  clay  predom- 

inates.    It   is    seldom   definitely 
bedded.    The  water  generally  oc- 

FiG.  6.-Relative  size  and  storage  capacity  of  dug    ^urs  in  Small  morC  Or  IcSS  tubular 
and  drilled  wells.  ,  .  .      i . 

channels  a  few  inches  m  diameter, 
but  occasionally  is  distributed  through  interstratified  sandy  beds. 

In  the  aggregate  the  till  yields  a  large  amount  of  water,  being  the 
source  of  supply  in  the  rural  districts  at  a  great  number  of  points 
throughout  the  entire  northern  portion  of  the  country.  Because  of 
the  occurrence  of  the  water  in  definite  channels,  however,  the  success 
of  wells  varies  greatly.  In  general,  wells  of  large  diameter,  similar 
to  those  described  in  the  preceding  paragraph,  give  the  best  success. 
Fig.  6  represents  two  wells  of  the  same  depth,  one  of  the  dug  type 
and  one  of  the  bored  type.  It  will  be  seen  that  in  the  well  of  the 
dug  type  not  only  is  a  larger  amount  of  material  encountered  in  cross 
section,  but  that  the  area  of  surface  from  which  water  can  enter  is 
many  times  greater  than  in  the  well  of  the  bored  type.  The  open 
well  also  presents  larger  storage  possibilities,  it  being  thus  possible 
to  utilize  small  supplies,  which  would  be  insufficient  in  the  case  of  the 
bored  well. 

The  water  of  the  till  is  generally  uncontaminated  because  in  its 
downward  penetration  through  the  clay  of  which  the  till  is  in  part 
composed  it  is  subjected  to  natural  filtration.  If  the  water  becomes 
polluted,  however,  it  may  retain  its  dangerous  character  for  a  long 
period  of  time  and  for  considerable  distances. 
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Sandstone^  congloTnerate^  and  quartzHe. — Sandstone  is  on  the  whole 
the  best  water-b€»rer  of  the  solid  rocks.  Under  the  most  favorable 
conditions  the  rock  is  saturated  throughout  its  extent  below  the  regular 
ground-water  level,  and  water  is  yielded  wherever  the  sandstone  is 
struck  by  the  drill  within  these  limits.  The  water  is  yielded  freely  as 
a  rale,  although  in  some  of  the  finer-grained  sandstones  it  flows  less 
readily.  In  quality  the  water  averages  better  than  in  any  other  mate- 
rial except  sand  and  gravels.  It  is  almost  never  polluted,  and  wells 
can  generally  be  safely  used  if  they  are  cased  to  keep  out  the  surface 
waters.  The  drilled  type  of  well  is  utilized  except  where  the  sand- 
stone is  very  near  the  surface. 

Conglomerates  sometimes  furnish  considerable  water  supplies, 
although  as  a  rule  their  absorptive  powers  are  not  so  great  as  those 
of  sandstones,  and  they  are  much  less  frequently  encountered. 
Quartzite  is  a  sandstone  in  which  the  spaces  between  the  grains  have 
been  filled  by  hard,  siliceous  matter.  Because  of  the  filling  of  the 
pores  by  this  material  there  is  relatively  little  chance  for  the  water  to 
enter,  and  the  rocks  are  not  commonly  an  important  source  of  water. 

SlaU. — Slate,  like  clay,  is  a  poor  water  bearer,  but  may  yield  water 
from  bedding,  joint,  cleavage  planes,  etc.  Its  most  important  use, 
however,  is  as  a  confining  layer  to  prevent  the  escape  of  water  from 
porous  sandstones  which  may  be  interbedded  with  it.  The  waters  are 
reached  by  deep  wells  and  are  generally  uncontaminated. 

Liriiestmie. — ^The  waters  of  limestone  occur  mainly  in  open  channels, 
caverns,  etc,  dissolved  in  the  rock  by  the  water  itself.  The  water 
originally  probably  followed  joint  or  bedding  planes,  which  were 
gradually  enlarged  by  solution  into  the  caverns  which  we  now  find. 


Fig.  6.— Difference  in  conditions  of  adjacent  wells  in  limestone. 

The  occurrence  of  caverns  and  passages  within  the  limestone  is  very 
irregular  and  their  location  can  seldom  be  predicted.  Most  deep 
wells,  however,  which  are  drilled  in  limestone  regions  encounter  one 
or  more  such  passages  at  a  relatively  slight  depth  from  the  surface. 
Wells,  even  where  only  a  few  feet  apart,  nevertheless  often  obtain 
very  different  results,  as  a  difference  of  a  foot  or  two  frequently 
means  the  missing  of  a  certain  channel,  as  indicated  in  fig.  6.  The 
waters  are  generall}'  hard,  but  are  not  commonly  otherwise  mineral- 
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ized.  There  is,  however,  a  considerable  likelihood  of  pollution,  due 
to  the  fact  that  much  of  the  waters  of  the  underground  streams  in  the 
limestone  have  found  their  way  downward  through  sink  holes^  carry- 
ing with  them  more  or  less  surface  wash  (see  PL  I,  A). 

6hanite,  gneiss^  a/nd  schist. — The  granites  and  gneisses  are  very  dense 
and  possess  very  small  pore  spaces,  and  the  body  of  these  rocks  hold 
very  little  water.     In  schists,  however,  considei'able  water  often  pene- 


Fio.  7.--Well  in  jointed  rock. 

trates  along  the  foliation  planes  and  is  held  by  the  rock,  but  such  water 
is  given  up  very  slowly  and  is  not  of  importance  as  a  source  of  supplj\ 
It  is  along  the  joints  that  the  largest  supplies  are  obtained.  These 
joints  are  most  common  near  the  surface  and  diminish  in  number  and 
in  definiteness  as  depth  increases.  For  this  reason  the  water  supplies, 
if  obtained  at  all,  are  generally  found  within  200  or  300  feet  of  the 
surface.  It  is  generally  useless  to  go  deeper  than  600  feet  for  waters 
in  these  crystalline  rocks,  although  in  some  instances,  as  at  Atlanta, 
water  supplies  have  been  obtained  at  depths  as  great  as  1,600  feet. 
The  joints  generally  occur  in  complex  systems  of  intersecting  planes, 
and  it  is  possible  for  polluted  water  stalling  very  near  the  mouth  of 
the  well  to  pass  in  a  zigzag  coui*se  downward  along  the  joints,  finally 
reaching  the  well  at  a  depth  of  many  hundred  feet  (fig.  7),  as  was  the 
case  in  a  well  at  Atlanta,  Ga.,  which  finally  had  to  be  abandoned.  For 
this  reason  wells  drilled  in  igneous  rocks  in  cities  and  other  thickly 
populated  regions  are  liable  to  become  polluted.  Waters  from  such 
wells,  if  they  are  to  be  used  for  drinking  purposes,  should  be  tested 
occasionally  to  determine  the  possibility  of  pollution. 


TEMPERATURE  OF  UNDERGROUND  WATERS. 

In  all  wells  there  is  a  certain  depth,  which  differs  in  different  locali- 
ties, at  which  there  is  practically  no  difference  in  the  temperature  of 
the  water  from  season  to  season  or  from  year  to  year.     This  is  known 
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as  the  normal  temperature  of  the  water  for  a  given  region,  and  it 
agrees  very  closely  with  the  mean  annual  temperature  of  the  same 
locality.  The  depth  of  uniform  temperature  varies  somewhat  in  dif- 
ferent localities,  but  is  commonly  from  50  to  60  feet  below  the  surface. 
The  temperature  varies  from  about  40^  or  45^  in  New  England  to 
about  65^  or  70°  in  the  Gulf  States. 

Waters  occurring  nearer  to  the  surface  than  the  zone  of  uniform 
temperature  vary  in  temperature  according  to  season,  being  warmer 
than  the  normal  in  summer  months  and  colder  in  the  winter  months. 
The  temperature  of  waters  warmer  than  the  normal  may  also  be  due 
to  the  great  depth  from  which  the  waters  have  come. 

The  main  cause  of  rise  in  temperature  below  the  line  of  invariable 
temperature  is  the  internal  heat  of  the  earth.  This  internal  heat 
increases  rapidly  downward,  the  rate  of  increase  varying  from  1°  in 
80  feet  to  1°  in  100  feet,  the  average  increase  being  about  1°  to  50 
feet.  The  temperature  of  the  water  is  very  little  affected  in  passing 
through  the  upper  50  feet  of  its  course,  hence  its  temperature  is  a  fair 
indication  of  the  depth  from  which  it  is  derived. 

Besides  the  internal  heat  of  the  earth  the  heat  of  igneous  masses 
below  the  surface  of  the  earth  has  been  thought  to  give  rise  to  the  hot 
springs  of  many  localities,  and  in  some  instances  the  heat  evolved  by 
the  chemical  decay  of  rocks  has  been  cited  to  explain  the  temperature 
of  hot  springs. 

RECOVERY  OF  UNBERGROUKI)  WATERS. 

Water  is  returned  to  the  surface  in  three  general  ways:  (1)  By 
seepage,  (2)  by  springs,  and  (3)  by  wells.  A  brief  discussion  of  each 
method  is  given  in  the  following  pages. 

SEEPAGE. 

Although  a  relatively  obscure  method,  seepage  is  of  great  importance 
in  returning  water  to  the  surface,  especially  in  sands  and  gravels. 
Seepage  water  does  not  occupy  definite  channels,  but  fills  the  pores 
between  the  component  grains  of  the  various  surface  or  other  deposits. 
It  emerges  at  the  surface  whenever  the  water  level  within  the  deposits 
l)ecomes,  through  additions  from  rainfall,  etc.,  higher  than  that  of  the 
lowest  depressions  or  level  of  the  surface.  Sometimes,  as  on  the  south 
side  of  Long  Island  and  elsewhere,  the  waters  seep  out  from  the  sands 
over  extensive  areas  along  the  shores  a  few  feet  above  sea  level.  In 
such  places  the  water  frequently  does  not  gather  into  definite  chan- 
nels, but  forms  more  or  less  extensive  fresh  marshes,  and  gradually 
works  its  way  into  the  sea.  More  frequently,  however,  seepage  waters 
emerge  in  stream  channels  and  other  depressions.  In  some  cases 
the  water  enters  the  stream  at  or  just  above  the  surface,  but  in  most 
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instaiices  the  main  supply  enters  below  tbe  water  level  along  the  aides 
and  bottom  of  tbe  channel. 

The  distinction  between  seepage  and  springs  is  not  sharp.  Tbe 
term  "spring  "is  usually  limited  to  those  occurrences  where  the  water 
comes  out  at  a  definite  point,  or  at  least  emerges  from  a  restricted 
area,  but  water  that  oft«n  appears  at  the  surface  as  general  seepage 
is  often  found,  on  excavating  at  its  point  of  emergence,  to  come  from  a 
definite  channel,  and  to  approach  a  true  spring  in  character. 


Springs  are  not  only  exceedingly  numerous  throughout  large  por- 
tions of  tbe  eastern  United  States,  especially  in  tbe  more  rugged 
regions,  but  form  a  most  important  source  of  water  supply.  In  many 
of  the  hilly  districts  they  constitute,  in  fact,  almost  tbe  only  source  of 
domestic  supply.  In  general  they  are  free  from  pollution  and  not  too 
sti-ongly  mineralized  for  ordinary  uses.  Mineral  springs,  however,  are 
not  uncommon,  and  are  much  used  for  medicinal  and  table  purposes, 
and  have  lead  to  the  development  of  sanitariums  and  many  large  and 
popular  pleasure  resorts. 


Fio.  8.— Linea  of  DDdeiflOw  into  cbuael. 

Seepage  springs. — This  term  is  applied  when  the  wat«r  seeps  out  of 
sand  or  gravel,  and  differs  from  general  seepage  only  in  that  it  is 
restricted  to  a  very  small  area.  Such  springs  are  usually  marked  by 
abundant  vegetation  at  points  of  emergence,  and  the  water  as  it  col- 
lecb^  is  often  colored  or  carries  an  oily  scum  due  to  tbe  decomposi- 
tion of  vegetable  matter.  The  scum  is  often  mistalien  for  petroleum. 
Before  using  such  a  spring  tbe  vegetation  should  be  cleared  away  and  a 
small  reservoir  constructed,  or  tank  sunk  in  the  ground. 

The  waters  of  tiie  seepage  springs  usually  come  from  no  great  dis- 
tance beneath  the  surface  and  are  not  usually  very  cold.  Being  fed  by 
waters  coming  from  near  tbe  surface  they  are  sometimes  likely  to 
become  polluted,  and  local  conditions  should  be  carefully  studied  before 
the  water  is  used  for  drinking. 

Seepage  springs  sometimes  emerge  along  the  top  of  an  underlying 
impervious  bed,  but  more  frequently  occur  where  vallcj's  are  cut  down- 
ward into  the  zone  of  saturation  of  a  more  or  less  uniform  water-bearing 
deposit,  or  where  the  water  table  comes  to  the  surface  near  a  stream, 
a  lake,  or  the  sea.  Under  favorable  conditions  tbe  seepage  from 
sands,  as  on  Long  Island,  gathers  into  channels  and  forms  streaais  of 
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considerable  size,  some  of  them  flowing  5,000,000  gallons  or  more 
daily. 

Springs  from  definite  underground  channeh, — In  this  group  is  em- 
braced a  great  variety  of  springs,  including  both  those  flowing  in  the 
small  more  or  less  tubular  passages  in  the  drift,  and  those  occupying 
large  solution  channels  or  caverns  in  the  soluble  rocks. 

The  channels  of  the  drift  springs  are  generally  established  along 
some  more  or  less  sandy  or  other  porous  layer,  or  even  in  places  along 
the  path  left  by  a  decaying  root.  At  first  the  motion  appears  to  be 
mainly  by  seepage,  but  in  many  instances  a  passageway  is  gradually 
opened  along  which  a  definite  stream  finds  its  way.  The  waters  reach 
the  channels  by  percolation  through  the  clays  and  sands,  and  are 
usually  free  from  pollution.  If  such  a  channel,  however,  leads  from 
a  cesspool,  or  similar  source  of  pollution,  the  water  becomes  highly 
charged  with  matter  dangerous  to  the  health.  Once  contaminated  it  is 
likely  to  continue  so  for  long  distances,  as  little  natural  filtration  takes 
place,  owing  to  the  nature  of  the  channel.  The  water  should  be 
thoroughly  tested  by  a  chemist  if  there  seems  any  likelihood  of  con- 
tamination. 

In  limestones  and  other  soluble  rocks  the  underground  passages  are 
often  many  miles  in  length.  Single  passages,  as  in  the  Mammoth 
Cave  of  Kentucky,  have  been  traversed  for  a  distance  of  nearly  10 
miles,  while  passages  as  yet  undiscovered,  but  several  times  as  long, 
probably  exist.  Some  of  these  passages  are  many  feet  in  diameter 
and  are  traversed  by  streams  of  considerable  size,  or  even  rivers.  The 
Silver  Springs  of  Florida  give  rise  to  a  river  which  is  navigable  from 
the  ocean  to  its  source  in  the  springs,  while  springs  of  similar  volume 
occur  elsewhere  in  Florida  and  Arkansas,  and  possibly  elsewhere.  The 
waters  of  such  springs-  vary  greatly  in  composition,  although  most 
of  them  are  hard.  Some  waters  are  exceedingly  clear,  the  bottoms  of 
springs  being  distinctly  visible  at  a  depth  of  many  feet,  but  in  others 
the  waters  are  muddy  after  severe  storms.  In  the  first  case  it  is 
probable  that  the  waters  feeding  the  underground  stream  reached  it  by 
percolation  through  the  porous  earth  or  rdck,  during  which  its  impuri- 
ties were  largely  removed.  In  the  second  case  the  waters  in  part 
appear  to  have  penetrated  downward  through  sinks,  or  entered  the 
rock  directly  as  streams.  In  both  cases  they  are  very  liable  to  pollu- 
tion by  impurities  washed  in  with  the  water  (see  PI.  I). 

Fiiimtre  springs. — ^The  term  fissure  springs  is  here  used  rather  com- 
prehensively to  include  the  springs  issuing  along  bedding,  joint,  cleav- 
age, or  fault  planes  (PI.  IV,  A).  The  distinguishing  feature  is  a  break  in 
the  rocks  along  which  the  waters  can  pass,  it  being  immaterial  whether 
any  considerable  open  space  exists.  These  springs  differ  from  the 
preceding  in  that  they  are  as  a  class  of  deeper-seated  origin.  Seepage 
and  drift  springs  are  largely  confined  to  unconsolidated  surface  de- 
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posits,  while  the  channels  of  limestone  springs  do  not  ordinarily 
extend  much  below  the  level  of  the  surrounding  surface  drainage.  In 
fissure  springs,  on  the  other  hand,  the  waters  are  frequently  derived 
from  great  depths,  as  is  attested  by  their  temperatures.  The  waters 
are  almost  never  subjected  to  contamination,  but  are,  however,  often 
highly  mineralized.     Springs  of  this  class  are  often  scattered  along 
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Fio.  9.— Map  showing  location  of  springs  along  faults  or  joints  near  South  Britain,  OcHin. 

(After  Hobbs.) 

stmight  lines  for  considerable  distances,  their  position  being  deter- 
mined by  lines  of  fracture  or  jointing,  as  shown  in  fig.  9. 

Geysers. — (ic3^sers  are  those  springs  in  which  at  more  or  less 
regular  intervals  the  water  is  ejected  with  some  force.  The  watera 
are  always  warm  or  hot  and,  therefore,  come  from  considerable 
depth.  Geyser  springs  generally  emerge  from  tubular  conduits  that 
are  lined  with  silica,  deposited  by  the  water,  and  end  at  the  surface  in 
a  cone  of  similar  material.  The  ejection  of  the  water  is  probably  due 
to  the  expelling  force  of  steam  generated  deep  below  the  surf ftce  under 
certain  peculiar  conditions. 
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WELI^. 

Wells  are  of  three  general  classes:  (1)  Dug,  (2)  driven,  and  (3) 
drilled  or  bored.  A  few  para^rrapbs  will  be  devoted  to  their  consid- 
eration, but  detailed  discussions  will  not  be  attempted. 

Dug  weUn. — Dug  wells  are  especially  adapted  to  loose  unconsolidated 
surface  deposits  in  which  the  water  supply  is  rather  scanty.  They 
present  a  large  surface  from  which  the  water  can  enter  and  have  a 
large  storage  capacity,  but,  on  the  other  hand,  they  must  necessarily 
be  of  limited  depth,  and  because  of  the  difficulty  in  keeping  out  sur- 
face and  shallow-soil  waters  and  other  materials,  are  especially  liable 
to  pollution.  They  are  also  quite  expensive  and  need  to  be  frequently 
cleaned.  They  are  undesirable  if  sufficient  supplies  can  be  had  by 
driving  or  drilling. 

Driven  weUs. — Driven  wells  consist  of  a  pipe,  with  strainer  and 
pointed  end,  which  are  driven  into  sand  and  similar  soft  deposits. 
They  can  be  put  down  in  a  few  hours,  are  exceedingly  cheap,  and 
effectively  exclude  surface  waters.  The  principal  difficulty  arises 
from  the  penetration  of  sand  and  the  clogging  of  the  pipe.  Driven 
wells  furnish  ideal  supplies  in  many  sandy  regions,  but  are,  of  course, 
not  adapted  to  the  conditions  existing  over  the  greater  part  of  the 
country. 

Drilled  and  hored  wMs, — These  include  those  wells  drilled  by 
machinery  in  rock  or  other  deposits.  Many  different  methods  of  dril- 
ling are  employed,  the  one  used  at  a  particular  point  dep>ending  upon 
the  material  to  be  encountered  or  upon  the  nature  of  tJie  well  demanded. 
Among  the  most  common  are:  (1)  The  ordinary  churn-drill  method, 
in  which  the  drill  is  rapidly  lifted  and  dropped,  forcing  its  way  down 
by  impact;  (2)  the  diamond-drill  method,  in  which  a  cylinder  set  at 
the  bottom  with  diamonds  is  rotated,  cutting  out  a  core  of  the  rock; 
(3)  the  steel-shot  method,  in  which  loose  chilled  steel  shot  takes  the 
place  of  diamonds,  and  (4)  the  jet  process,  in  which  a  current  of  water 
is  forced  from  the  lower  end  of  the  pipe  and  by  loosening  the  sur- 
rounding material  allows  the  latter  to  sink.  Many  other  methods  or 
modifications  are  in  use.  PI.  IV,  -ff,  represents  one  of  the  deep  drilled 
wells  yielding  flowing  water. 

PUMPS. 

In  raising  water  to  the  surface  a  variety  of  methods  are  used,  but 
except  for  the  bucket  of  the  open  wells  they  all  depend  upon  some 
type  of  pump.  Of  the  hand  pumps,  the  ordinary  valve  pump,  the 
chain  pump,  and  the  force  pump  are  the  most  common.  For  raising 
lar^e  supplies  windmills  usually  afford  a  cheap  and  satisfactory  method 
on  the  farm,  but  in  industrial  establishments,  where  not  only  a  large 
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but  a  constant  and  steady  supply  is  needed,  some  form  of  power  pump 
is  used.  Electricity,  steam,  and  gasoline  are  all  used,  the  latter  being 
especially  popular  because  of  cheapness  and  ease  of  operation.  Various 
forms  of  "air-lift"  processes,  by  which  water  is  lifted  by  a  current 
of  air  that  is  forced  into  the  well  tubing,  are  successfully  used. 

ARTESIAN  FliOWS. 

ESSENTIAL  CONDITIONS. 

Stratljii'd  heds. — In  18S5  Prof.  Thomas  C.  Chamberlin,  in  a  paper 
entitled  "Requisite  and  Qualif3^ing  Conditions  of  Artesian  Wells,"' ^ 
explained  the  principles  of  artesian  flow,  and  called  attention  to 
many  of  the  special  conditions  which  tend  to  determine  the  succesjs 
or  failure  of  these  wells.  The  conditions  which,  according  to  Profe^ssor 
Chamberlin,  may  properly  be  considered  as  those  of  true  artesian  flow 
are  as  follows: 

I.  A  |x»rvioiis  stratum  to  permit  the  entrance  and  the  pas8a^  of  water. 
II.  A  water-tij?ht  NmI  l>elow  to  prevent  the  escape  of  water  <lownward. 
III.  A  like  impervious  IkkI  above  to  prevent  the  escape  upward,  for  Uie  water,  l)eing 
under  pressure  from  the  fountain  head,  would  otherwise  find  relief  in  that 
direction. 
I V^.  An  inclination  of  these  beds,  so  that  the  cxlge  at  w^hich  the  waters  enter  will  Ik» 

higher  than  the  surface  at  the  well. 
V.  A  suitable  exposure  of  the  edge  of  the  porous  stratum,  so  that  it  may  take  in  a 

sufficient  supply  of  water. 
VI.  An  adequate  rainfall  to  furnish  this  supply. 

VII.  An  absence  of  any  escape  for  the  water  at  a  lower  level  than  the  Burface  at  the 
well. 

Some  of  the  features  outlined  above  are  illustrated  by  the  following 
diagrams  taken  from  Professor  Chamberlin's  report.     There  are  man3' 


Fio.  10. — Section  allowing  principal  rcquiMites  of  arti'sian  wells.  A,  a  porous  8tratum;  5,  C,  Impervi- 
i)ti8  be<lH  below  and  above  A,  acting  iw  contining  strata;  F,  height  of  water  level  in  porous  bcdH  A, 
or,  in  other  words,  height  of  reservoir  or  fountain  head;  D,  E,  flowing  wells  springing  from  the 
porous  water-filled  bed  A. 

other  minor  conditions  and  modifications  of  the  requisites  outlined 
above  which  bear  on  the  occurrence  of  artesian  waters,  but  the  essen- 
tials are  here  given. 

Joi.it8  and  faults. — Flowing  water  is  not  confined  to  those  wells 
which  penetrate  beds  under  the  conditions  outlined  by  Profeasor 
Chamberlin.  The  principle  on  which  artesian  waters  depend  is  equally 
ai)plicable  to  other  rocks,  the  essential  feature  being  simpl}^  that  the 
water  be  confined  and  that  the  outlet  through  the  well  be  considei'abl3' 

«  Fifth  Annual  Kept.  U.  S.  Geol.  Survey,  pp.  125-173. 
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lower  than  the  catchment  area  at  which  the  water  entered.  A  bedding, 
joint,  or  fault  plane,  or  other  fissure  in  insoluble  rocks,  or  a  solution 
passage  in  limestones,  sometimes  affords  favorable  conditions  for  arte- 
sian flows,  although  because  of  their  commonly  limited  development 

CAB 


Fig.  U. — ^Sectlon  iUustratiiij?  thiniiinur  out  of  poroufi  water-bearing:  bed  A,  inclosed  between  iinper- 

rloua  beds  jB,  C,  thuD  furnisbing  coDditioiu  for  artesian  well  V. 

they  are  far  less  frequently  encountered  than  the  broad  porous  sand- 
stones and  other  sedimentary  beds. 

Besides  occurring  along  bedding  planes  or  along  joint  or  fault  planes 
water  frequently  follows  a  combination  of  passages,  such  as  indicated 
in  fig.  13,  which  shows  an  inclined  bed  cut  by  a  joint,  the  motion  of 


Fio.  12.— Section  showing  transition  from  porous  to  impervious  l)ed.    A,  a  close-textured,  impervious 
bed,  inclosed  between  impervious  beds  B  and  C,  furnishes  conditions  for  an  artesian  well  J). 

the  water  being  indicated  by  the  arrow.  Exactly  the  same  conditions 
might  occur  if  the  bed  b  were  to  be  replaced  by  a  joint  or  fault  plane 
of  the  same  position. 

Direction  of  mm^emeiit  of  water. — In  the  majority  of  cases  the  water 
encountered  by  wells  is  moving  down  the  dip  of  the  beds  or  down  the 


Pig.  13.— Upward  circulation  of  water  along  joint. 

joint  or  fault  line,  but  in  many  instances,  as  in  the  cases  outlined 
above  and  illustrated  in  fig.  13,  the  water  may  be  moving  upward. 

t7KT>BRGROUNI>  WATER  CONDITIONS  IN  EASTERN  UNITEI) 

STATES. 

There  are  great  differences  in  the  underground  water  conditions  in 
different  parts  of  eastern  United  States.  These  are  due  in  part  to 
the  presence  in  the  northern  half  of  a  mantle  of  surface  deposits  left 
by  glaciers  or  by  streams  connected  with  the  ice.     A  part  of  the 
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difference  is  also  due  to  the  difference  in  weathering  of  the  rocks  in 
the  northern  and  southern  portions,  while  still  another  part  is  due  to 
variations  in  the  chai*acter  of  rocks  and  of  topography. 


AREA  OF  GLACIAL  DRIFT. 


This  area  is  bounded  on  the  south  by  a  line  which,  starting  at  Nan- 
tucket, passes  through  Marthas  Vineyard,  Long  Island,  across  New 


. Limits  of  ice  invasion 


IUM{<lt. 


Fig.  14.— Oeologic  and  water-supply  dijstricts  in  eastern  United  States. 

Jersey,  northwestward  across  Pennsylvania  into  New  York,  then 
southwestward  across  Pennsylvania  and  Ohio  to  the  vicinity  of  Cin- 
cinnati, where  it  crosses  the  river  for  a  short  distance  into  Kentucky, 
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thence  westward  across  southern  Indiana,  Illinois,  and  central  Missouri, 
to  a  point  near  Kansas  Citj^,  where  it  leaves  the  reg^ion  under  consid- 
eration (see  fig.  14).  All  of  the  region  north  of  this  line  was  covered 
one  or  more  times  by  great  ice  sheets,  except  a  small  area  in  south- 
western Wisconsin  and  adjacent  portions  of  Minnesota,  Iowa,  and 
Illinois,  where  there  appears  to  have  been  a  sort  of  island  of  land  sur- 
rounded by  ice,  known  as  the  "Driftless  area." 

North  of  the  boundary  mentioned  the  surface,  except  for  the  small 
driftless  area,  is  covered  with  a  mantle  of  materials  deposited  by  the 
glacier  and  known  as  drift.  The  drift  is  divided  into  two  main  types, 
the  first  known  as  till,  and  the  second  as  modified  or  stratified  drift. 
Till  is  composed  of  a  heterogeneous  mass,  consisting  of  clay,  sand, 
and  bowlders,  frequently  known  as  hardpan.  It  was  deposited  mainly 
directly  by  the  ice,  either  beneath  the  sheet  or  at  its  margin.  The 
second  class  of  drift  includes  gravels,  sands,  and  other  stratified  de- 
posits formed  by  streams  leading  outward  from  the  ice  sheet.  It  is 
found  chiefly  along  the  valleys  which  were  once  occupied  by  glacial 
streams,  but  considerable  amounts  were  also  deposited  in  temporary 
glacial  lakes  which  existed  between  the  northward  sloping  land  and 
the  retreating  ice  sheet,  while  some  was  laid  down  as  broad  wash 
plains. 

The  glaciers  which  left  the  various  types  of  drift  started  in  the  far 
north  in  relatively  recent  geologic  times  and  spread  southward  to  the 
limits  mentioned.  Before  their  advance  the  rocks  were  probably  deeply 
weathered  and  covered  with  soil,  as  in  the  South  at  the  present  time, 
although  the  extent  of  the  weathering  was  doubtless  somewhat  less. 
The  first  work  of  the  ice  was  to  remove  this  soft  weathered  material. 
Part  was  incorporated  with  the  till  and  part  was  carried  oflf  by  the 
streams  to  form  clay  and  sand  deposits.  Later,  after  the  removal  of 
the  surface  soil,  the  glacier  began  the  work  of  wearing  down  the  solid 
rocks,  plucking  off  fragments  both  large  and  small  from  the  ledges  and 
transporting  them  southward.  This  material  was  also  left  in  part  in 
the  till,  and  in  part  carried  away  by  the  streams. 

The  effedt  of  the  drift  on  the  water  supply  of  the  northern  portion 
of  the  country  is  very  great.  In  general  the  drift  holds  very  much 
more  water  than  any  of  the  rocks.  This  water  is  yielded  readily  to 
shallow  wells,  and  furnishes  by  far  the  larger  part  of  the  well  supplies 
in  the  region  where  it  occurs.  Water  is  least  abundant  in  the  till  and 
most  abundant  in  the  stratified  drift.  Its  occurence  in  till  and  in  sand 
and  gravel  has  already  been  described  (see  pp.  25>26). 

WEATHERED  ROOKS. 

South  of  the  limits  of  glacial  advance  the  place  of  the  drift  is  partly 
taken  by  the  weathered  or  decomposed  rocks.  The  weathering  seems 
to  be  deepest  in  the  south  where  the  ^I'^niyttf^  is  more  humid  and,  there- 
fore, more  favorable  to  rock  decay. 
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The  soils  south  of  the  drift  limits  consist  of  small  fragments  or  par- 
ticles of  disintegrated  rocks.  They  are  usuall}-  colored  red  and  yellow 
by  we^ithering  and  are  very  porous,  absorbing  much  water.  Their 
thickness,  however,  is  not  sufficient  to  make  them  a  good  souri^e  of 
water  supply,  although  they  yield  water  to  man}^  shallow  wells.  The 
water  is  subjected,  as  in  sands  and  similar  materials,  to  more  or  le.ss 
complete  filtration  in  its  passage  downward. 

ROCK   WATER  PROVINCES. 

Leaving  out  of  account  New  England  and  eastern  New  York,  which 
compare  most  nearly  with  the  Piedmont  Plain,  the  main  divisions  of 
the  eastern  United  States,  viewed  from  the  standpoint  of  underground 
water  supplies,  are:  (1)  The  Coastal  Plain,  (2)  the  Piedmont  Plateau, 
(3)  the  Appalachian  Mountains,  and  (4)  the  Mississippi  and  Great 
Lakes  basin.     The  limits  of  these  divisions  are  shown  in  fig.  14. 

Coaatal  Plain, — The  Coastal  Plain  consists  of  a  strip  of  unconsoli- 
dated deposits,  extending  from  Long  Island  on  the  north  along  the 
Atlantic  and  Gulf  States  into  Mexico  on  the  south.  The  width  varies 
from  a  few  miles  at  the  north  to  sevei'al  hundred  miles  in  the  Missis- 
sippi River  region. 

The  surface  of  the  Coastal  Plain  is  low,  usually  not  exceeding  100  to 
300  feet  al>ove  sea  level  and,  where  uncut  b\'  erosion,  is  generally  flat, 
i         Ow-ing  to  the  soft  character  of  the  materials,  however,  the  streams 
\         have  generally  cut  fairly  deep  vallej  s  which  are.  separated,  where  not 
too  close  together,  by  flat-topped  ridges  marking  the  original  surface. 
Where  the  streams  are  close  together  the  surface  is  cut  into  rolling 
hills. 
The  materials  include  clays,  sands,  gravels,  marls,  and  a  few  more 
/         or  less  solid  limestones,  the  latter  being  present  mainly  in  the  South- 
;  ern  States.     A  few  of  the  sandy  layers  have  been  consolidated  and  now 

/  form  sandstones.     The  beds  dip  gentl>^  toward  the  coast.     The  waters 

in  the  Noith  occur  mainly  in  sands  and  gravels,  especially  in  those  at 
the  base  of  the  Coastal  Plain  deposits.  Farther  south,  particularly  in 
the  Gulf  States,  water  is  found  both  in  sands  and  in  the  porous  lime- 
stones. The  quality  of  the  water  in  the  gravels  in  the  northern  portion 
of  the  ))elt  is  general!}^  soft  and  good,  but  farther  south,  notably 
where  sands  and  gravels  alternate  with  clay  or  limestone  beds,  the 
waters  are  often  hard  or  are  charged  with  sulphur  and  iron.  The 
capacity  of  the  wells  is  generally  large  and  many  of  them  flow  without 
pumping.  In  the  aggregate  there  are  several  thousand  deep  wells  scat- 
tered throughout  the  Coastal  Plain.  They  are  used  principally  for 
domestic  and  farm  supplies,  but  some  of  them  that  yield  soft  waters 
are  utilized  for  industrial  purposes.  In  the  Gulf  States,  especially  in 
Louisiana,  a  large  nmnber  of  wells  furnish  water  for  the  irrigation  of 
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ice.     A  considerable  number  are  also  used  as  a  source  of  public  water 
npplies. 

Piedmont  PluteaH. — ^The  Piedmont  Plateau  proper  consists  of  a 

lelt  of  crystalline  rocks,  including  a  few  small  basins  of  Triassic 

ediments,   that  extends  southward    from   southeastern   New  York 

long  the  east  front  of  the  Appalachian  Mountains  to  Alabama,  lying 

etween  the  mountains  and  the  Coastal  Plain.     Where  the  plateau 

>ins  the  Coastal  Plain  its  elevation  is  only  a  few  hundred  feet,  but 

tie  altitude  of  its  surfjice  increases  gradually  toward  the  northwest, 

ntil  at  the  base  of  the  mountains,  especially  in  western  North  (^aro- 

na  and  vicinity,  its  highest  points  have  an  altitude  of  several  thou- 

xnd  feet.     In  the  main  its  surface,  where  uncut  by  streams,  is  flat  or 

gently  rolling,  but  in  its  higher  portions  it  has  l)een  cut  into  a  series 

of  prominent  mountains.     In  the  vicinity  of  the  streams  near  the 

coast  it  is  also  cut  into  a  series  of  lower  hills,  as  in  the  ca.se  of  the 

Coastal  Plain. 

The  rocks  of  the  Piedmont  Plateau  proper  consist  mainlj'  of  schists, 
gneisses,  granites,  and  other  metamorphic  or  igneous  rocks,  all  of 
which  are  of  crystalline  texture.  The  rocks  of  the  Triassic  basins 
consist  mainly  of  sandstones,  shales,  etc. 

The  watei-s  of  the  Piedmont  Plateau  are  relativel}'  uncertain  in 
occurrence,  depending  largely  on  the  existence  of  joints  or  other 
fissures  in  the  rocks,  but  good  supplies  have  nevertheless  lioen  obtained 
at  numerous  points.  In  composition  the  waters  are  usually  faii'l^' 
good,  although  they  sometimes  contain  considerable  mineral  matter. , 
Rolativel}^  few  deep  wells  have  been  sunk  in  this  region,  owing  to  the 
uncertainty  of  supply,  dependence  being  placed  largely  on  streams  or 
on  shallow  wells  dug  in  the  weathered  upper  portion  of  the  rocks. 
The  waters  are  used  largely  for  domestic  and  farm  purposes  and  in 
small  industrial  CvStablishments.  In  a  few  places  public  water  supplies 
are  obtained  from  the  Piedmont  rocks,  and  some  important  mineral 
springs  are  found  in  the  region. 

Similar  to  the  Piedmont  Plateau  are  the  great  areas  of  igneous  rocks 
in  Minnesota  and  Wisconsin  and  in  New  York  and  New  England.  The 
topography  of  the  rocks  in  these  regions  is  in  general  somewhat  more 
rugged  than  in  the  Piedmont  Plateau  proper,  and  less  use  is  made  of 
tlie  waters,  largely  because  of  the  abundance  of  lakes,  springs,  and 
spring-fed  streams,  or  of  waters  in  the  glacial  drift  which  overlies  the 
i-rystalline  rocks  in  this  portion  of  the  country. 

ApiHila^liian  Mountains, — The  Appalachian  Mountains  may  be  con- 
sidered as  beginning  in  eastern  Pennsylvania  and  extending  southward 
to  central  Alabama.  The  Berkshire  Hills  in  Connecticut  and  Massa- 
chusettsand  the  Green  Mountains  in  Vermont  are  included  in  the  area  bv 
some.  The  rocks  throughout  the  region  are  strongly  folded  and  broken 
by  faults,  the  harder  beds  giving  rise  to  the  great  mountain  ridges 

\ 
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which  characterize  the  belt.  The  rocks  consist  of  quartzites,  sand- 
stones, shales,  and  limestones.  The  sandstones  and  certain  of  the  lime- 
stones carry  considerable  amounts  of  water,  but  are  seldom  used  as^  a 
source  of  supply.  The  water  in  the  limestones  is  carried  in  definite 
j  channels  and  is  of  rather  uncertain  occurrence.     Both  the  sandstones 

I  and  limestones  yield  copious  springs  in  places.     Wells  in  the  synclines 

or  rock  troughs  frequently  yield  water  which  will  sometimes  rise  to 
the  surface,  but  in  general  dependence  is  placed  on  the  springs  which 
'  occur  in  large  numbers  throughout  the  belt.     In  the  wider  limestone 

valleys  wells  or  cisterns  are  often  used.     There  are  very  few  cities  or 
(  large  industrial  establishments  in  this  region  and  deep  wells  are  there- 

)  fore  somewhat  rare. 

The  MUsksippi-  Great  Lakes  hasin. — ^This  basin  includes  the  remain- 
.  ing  portion  of  the  territory  in  the  eastern  half  of  the  United  States. 
The  surface  is  moderately  low,  seldom  exceeding  1,000  feet  in  eleva- 
tion, and  is  usually  not  characterized  by  prominent  hills  or  mountains. 
Except  in  the  areas  of  igneous  rocks,  noted  above,  the  rocks  consist  of 
flat  or  very  gently  folded  sandstones,  limestones,  shales,  etc. ,  varying 
from  Cambrian  to  Carboniferous  in  age.  The  Cambrian  and  other  of 
the  older  sandstones  carry  large  amounts  of  water,  which  is  obtained 
I  by  wells  that  frequently  flow  at  the  surface.     The  Silurian  limestones 

also  contain  considerable  water,  but,  as  is  the  case  with  water  in  lime- 
)  stones  elsewhere,  its  occurrence  at  a  particular  point  can  seldom  be 

I  predicted. 

I  The  younger  rocks,  including  the  Devonian  and  Carboniferous,  con- 

sist to  a  considerable  extent  of  alternations  of  shales,  shaly  limestones, 
and  sandstones.  In  the  limestones  the  water  occurs  very  much  as  in 
other  limestones.  In  the  sandstones  and  shales,  however,  its  occur- 
rence is  uncertain  owing  to  the  lack  of  persistence  of  the  beds.  One 
well^ma}^  obtain  water,  while  another  a  few  feet  away  may  fail.  The 
waters  are  often  mineralized,  especially  in  Michigan,  where  they  con- 
tain a  high  percentage  of  salt.  The  Carboniferous  limestones  abound 
in  springs,  some  of  which  are  of  great  size. 


MAINE. 


By  W.  S.  Bayley. 


TOPOGRAPHY  AND  GEOIiOGY. 

The  surface  of  Maine  consists  essentially  of  an  extensive  southward- 
facing  slope  draining  directly  into  the  Atlantic  Ocean  and  a  smaller 
north  ward- facing  slope  draining  into  St.  John  River.  The  latter  area 
is  a  great  plain  covered  largely  by  swamps  and  interrupted  by  a  few 
irregular-shaped  hills.  The  surface  of  the  southern  slope  is  much 
more  broken.  It  is  crossed  by  many  ridges  of  low  mountains  trend- 
ing east  or  northeast,  some  of  which  rise  several  thousand  feet  above 
the  platform  on  which  thej^  rest.  These  are  separated  by  wide  areas 
of  plain,  on  which  are  many  small  glacial  hills  and  ridges.  Near  the 
coast  the  surface  is  rough.  Rocky  ridges  and  low,  bare  hills  stretch 
from  the  shore  line  some  miles  inland,  but  the  hills  are  not  lofty  and 
the  vallej's  between  them  are  not  deep. 

All  the  rocks  are  Paleozoic  or  older,  except  the  very  late  marine 
clays  and  the  glacial  deposits.  The  northern  portion  of  the  State  is 
underlain  by  moderately  folded  Silurian  and  Devonian  limestones, 
shales,  and  sandstones,  cut  here  and  there  by  igneous  rocks,  some  of 
which  are  certainly  volcanic.  In  this  area  the  conditions  are  the  most 
favorable  for  the  occurrence  of  artesian  waters. 

The  section  bordering  the  coast  is  underlain  by  granites,  gneisses, 
crystalline  schists,  and  ancient  lavas  intersected  by  intrusives.  The 
central  portion  of  the  State,  between  the  northern  and  the  coast  belts, 
is  composed  of  slates,  quartzites,  and  impure  limestones,  very  much 
like  the  rocks  in  the  northern  belt,  but  usually  more  crystalline  and 
more  closely  folded.  These,  too,  are  cut  by  granites  and  other  intru- 
sives. Conditions  are  not  so  favorable  for  artesian  water  in  the  cen- 
tral and  the  coast  belts  as  they  are  in  the  northern  belt;  nevertheless, 
in  some  areas  within  them,  where  the  rocks  are  less  highly  tilted 
than  elsewhere,  or  where  they  are  much  fissured,  artesian  waters  have 
been  developed.  Springs,  moreover,  abound  and  a  few  drilled  wells 
deliver  water  at  the  surface. 
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Upon  the  rocks  of  all  three  belts  the  glaciers  that  once  covered  the 
entire  State  deposited  clay,  sand,  gnivel,  and  a  mixture  of  clay  and 
bowlders.  The  latter  constitutes  the  till,  which  covers  all  the  older 
rocks  as  a  blanket,  varying  in  thickness  from  a  few  inches  to  many  feet. 
The  clay,  sand,  and  gravel  form  terraces,  hills,  and  ridges  that  run 
in  gently  sinuous  lines  for  long  distances  over  hill  and  valley,  follow- 
ing, in  the  main,  the  directions  of  thp  principal  drainage  Unes.  In 
these  deposits  the  various  components  are  often  intei'sti'atified,  furnish- 
ing ideal  conditions  for  successful  shallow  wells.  Most  of  these  wells 
obtain  water  either  from  the  sand  and  gravel  layers  interleaved  between 
the  clay  beds  or  from  the  rock  surface  underlying  all  the  sediments. 

The  only  remaining  rocks  that  are  at  all  w  idely  spread  in  Maine  are 
the  beds  of  fossiliferous  marine  cla3's,  which  extend  far  inland  up  the 
river  valleys  and  into  lowlands  where  the  elevation  is  not  more  than 
230  feet  above  sea  level.  Over  these  cla3\s  are  la)^ers  of  river  sand^ 
deposited  at  a  time  when  the  streams  were  being  fed  by  the  melting 
glaciers.  At  the  base  of  this  sand,  where  it  lies  upon  the  dav,  theix* 
is  usualh"  a  constant  sheet  of  water  moving  slowly  riverwaixl.  This 
furnishes  an  unfailing  source  of  supply  to  wells  situated  near  the  river 
l)anks,  but  unfortunately  the  water  is  often  contaminated  with  im- 
purities of  various  kinds. 

WATKR  Sl7PPt.Y. 

With  the  exception  of  Florida,  Maine  is  the  least  densely  populated 
of  all  the  Eastern  States.  Because  of  this  low  density  (28.2  per  square 
mile)  and  its  abundance  of  lakes  and  streams,  its  people  have  felt  little 
necessity  for  seeking  sources  of  water  supply  below  the  surface. 
Consequently,  the  underground  waters  of  the  State  have  been,  on  the 
whole,  but  slighth^  utilized,  except  in  certain  restricted  areas,  w  here, 
for  one  reason  or  another,  the  surface  waters  are  not  suitable  for 
domestic  or  manufacturing  purposes. 

Until  very  recenth'  the  rivers  and  lakes  have  afforded  excellent  wator 
for  nearly  all  purposes.  With  the  increase  in  the  number  of  factories 
established  on  the  main  waterways  for  the  advantages  resulting  from 
the  possession  of  cheap  water  power,  the  riv^ers  have  become  less  and 
less  valuable  as  sources  of  water  supply,  partly  because  of  the  waste 
products  poured  into  them  from  the  factories  and  partly  because  of 
the  increased  amount  of  sewage  which  they  must  carry  in  consequence 
of  the  growth  of  the  manufacturing  communities  on  their  banks. 

The  drift  of  the  population  toward  centers  is  w^ell  shown  by  the 
census  of  1900.  The  numbei*  of  cities  and  villages  separately  enum- 
erated in  this  year  was  48,  as  against  25  in  1800,  and  their  population 
was  258,431,  as  against  184,821,  or  87.2  i)er  cent  of  the  total  popula- 
tion in  1900,  as  against  28  per  cent  in  1890. 
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The  natuml  result  of  the  two  tendencies  above  mentioned  has  l)een 
to  polhite  the  principal  water  courses,  with  the  conseipient  result  that 
communities  drawing  their  public  supplies  from  streams  are  l>e^inning 
to  complain  of  the  quality  of  the  water  furnished  them  and  are  turning 
toward  the  lakes  for  relief. 

Along  the  coast  strip,  where  the  larger  rivers  are  tidal,  comnuui- 
ities  are  dependent  upon  lakes  and  small  brooks  for  their  public 
supply.  On  the  islands  the  principal  sources  of  drinkable  water  are 
springs  and  drilled  wells,  but  since  there  are  only  a  few  island  settle- 
ments of  any  considerable  size  the  question  of  large  public  supplies 
is  not  of  great  moment. 

Within  the  interior  of  the  State  village  communities  that  are  not  sit- 
uated near  large  lakes  or  spring-fed  brooks  have  often  taken  advan- 
tage of  the  numerous  good  springs  that  abound  everj'where  and 
spring  water  has  been  piped  through  the  settlements. 

PUBLIC  SUPPLIES. 

The  aggregate  population  furnished  by  water  corporations  from  the 
three  principal  sources  above  mentioned  is  about  285,000,  or  about  40 
per  cent  of  the  entire  population  of  the  State.  Of  this  number  about 
152,000  obtain  public  water  from  lakes,  122,000-  from  rivers,  and 
14,()00  from  springs.  In  addition  there  is  one  community  (Castine, 
population  about  900)  that  draws  its  supply  from  four  drilled  wells. 
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RIYEB8. 

The  communities  at  present  obtaining  their  public  supply  from 
rivers  and  brooks  are  as  follows: 

Preliminary  list  of  communities  drawing  upon  streams  as  the  sources  of  their  public  trater 

supply. 


Place. 


Augusta 

Bangor 

Belfast 

Bethel 

Benton 

Biddeford 

Brewer 

Calais 

Caribou 

Dover 

Ellsworth 

Ellsworth  Falls 

Fairfield 

Freeport 

Fryeburg 

Gardiner 

Oldtown 

Houlton 

Kingfield 

Milltown 

Old  Orchard  . . . 

Pittsfield 

PreafjuelBle  ... 

Richmond 

Rumford  Falls . 

Saco 

Somerville 

Sorrento 

South  Berwick. 
Van  Buren 


County. 


AVaterville. 


Kennebec  . . 
Penobscot . . 

Waldo 

Oxford 

Kennebec  .. 

York 

Penobscot . . 
Washington 
Aroostook  . . 
Piscataquis  . 
Hancock  . . . 

do 

Somerset . . . 
Cumberland 

Oxford 

Kennebec  . . 
Penobscot . . 
Aroostook  . . 
Franklin  ... 
Washington 

York 

Somerset . . . 
Aroostook . . 
Sagadahoc . . 

Oxford 

York 

Lincoln 

Hancock  ... 

York 

Aroostook  . . 


Source  of  supply. 


Kennebec 


Kennebec  River. 

Penobscot  River. 

Little  River  or  Coles  Brook. 

Chapman  Brook. 

Messalonskee  River. 

Saco  River. 

Penobscot  River. 

St.  Croix  River. 

Aroostook  River. 

Piscataquis  River. 

Branch  Pond  Stream. 

Do. 

Messalonskee  River. 

Brook. 

White  Lot  Brook. 

Cobossecontee  Stream. 

Penobscot  River. 

Moose  Brook. 

Brook  flowing  into  Tuffs  Pond. 

St.  Croix  River. 

Saco  River. 

Sebasticook  River. 

Kennedy  Brook. 

Kennebec  River. 

Androscoggin  River. 

Saco  River. 

Sheepscot  River. 

Piscataquis  River. 

Two  Brooks. 

St.   John    River   and   Violette 
Brook. 

Messalonskee  River. 
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LAKES. 


The  list  below  is  an  enumeration  of  the  communities  utilizing  lakes 
as  their  sources  of  supply. 

Preliminary  list  of  communities  utilizing  lakes  as  sources  of  water  supply. 


Place. 


Aabum 

Bar  Harbor 

Bath 

Bath  (emergency) 

Belgrade 

Boothbay  Harbor . 

Brunswick 

Camden 

Gorham 

Kitteiy 

Lewiston 

Livermore  Falls. . . 

Newport 

Norway 


County. 


Oakland 

Phillipe 

Portland 

Rockland 

Rockland  (auxiliary) 

Rockport 

Heal  Harbor 

South  Portland 

South  Paris 

Southwest  Harbor. . . 

Thomaston 

Westbrook 

Wilton 

Woolwich 

York 

York  Comer 


Androscoggin 

Hancock 

Sagadahoc 

.....do 

Kennebec 

lihcoln 

Cumberland  . 

Knox 

Cumberland  . 

York 

Androscoggin 

do 

Penobscot  ... 
Oxford 


Kennebec  .. 
Franklin  ... 
Cumberland 

Knox 

do 

do 

Hancock  ... 
Cumberland 

Oxford 

Hancock  ... 

Knox 

Cumberland 
Franklin  ... 
Sagadahoc.. 

York 

.....do 


Source  of  supply. 


Lake  Auburn  or  Wilton  Pond. 

Eagle  Lake. 

Lake  Nequassetto. 

120  driven  wells. 

Belgrade  Lake. 

Adams  Pond. 

Mirror  or  Oyster  River  Lake. 
Sebago  Lake. 
Folly  Pond. 
Lake  Auburn. 

Pillsbury  Pond. 

Norway  or   Great   Penneesee- 
wassee  Lake. 

Messalonskee  Lake. 

Mount  Blue  Pond. 

Sebago  Lake. 

Mirror  or  Oyster  River  Lake. 

Lake  Chicawanstin. 

Mirror  or  Oyster  River  Lake. 

Jordan's  Pond. 

Sebago  Lake. 

Norway  Lake. 

Long  Pond. 

Mirror  or  Oyster  River  Lake. 

Sebago  Lake. 

Lake  Nequassetto. 
Chase's  Lake. 
Do. 
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SPRINGS. 


In  the  communitios  named  below  springs  furnish  nearly  all  the  wat-er 
used.  In  all  cases  this  is  carried  by  pipes  either  directly  from  the 
springs  or  from  reservoirs  into  which  the  spring  water  is  pumped. 

Preliminary  litit.  of  communities  oHainimj  their  pnUic  supply  from  springs. 


Place. 

County. 

Remarks. 

Addison 

Washington 

Knox 

Appleton 

• 

Bingham 

Somerset 

2  springs  fill  1  J-inch  and  6-incli  piix*s. 

Brownville 

Cherryfield 

Piscataquis 

Washington 

3  springs;  pipwl   to  hotel  and  private 
houses. 

Fort  Fairfield 

Aroostook 

Guilford 

Piscataquin 

Supplies  30  families. 

Hallowell 

Kennebec 

Harrington 

Washington 

Lisbon  Falls 

Androscoggm 

Lubec 

Washmgton 

:i5(), 000  gallons  a  day.  Temjicrature,  42°. 

Millbridge 

do 

Fills  2-inch  piix^.     Temperaturt*,  40°. 

Monson 

Piscataquis 

Supplies  30  families. 

North  Waterboro 

York 

Paris  Hill 

Oxford 

From  10,000  to  30,000  gallons  a  day. 

Peru 

do 

Sanford 

York 

Fills  i-inch  and  f-inch  pipes. 

Sangerville 

Piscataquis 

Waldo 

• 

Searsmont 

Searsjmrt 

do 

^ 

Skowhegan 

Somerset 

500,000  gallons  a  day. 

Springvale 

York 

100  gallons  a  minute. 

Stratton 

Franklin 

Union 

Knox 

Winterport 

Waldo 

125,000  gallons  a  day. 

120,000  gallons  a  day.  Temperature,  49°. 

Yarmouth 

Cumberland 

Yarmouth  ville 

do 

DRILLED   W^ELLS. 

The  villa<(e  of  Castine  is  furnished  with  water  for  domestic  and  tiro 
purposes  by  four  drilled  wells,  of  which  three,  situated  at  an  eleva- 
tion of  130  feet,  are  now  used.  In  these  the  water  was  struck  at  a 
depth  of  6i^.V  feet,  or  (hJ  feet  above  mean  hi;^h-water  mark.  It  ri.'^es 
naturally  within  25  feet  of  the  surface  and  is  pumped  to  the  surface 
with  the  aid  of  a  windmill.     These  wells  yield  40,000  gallons  daily. 
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A  fourth  well,  <)75  feet  deep,  is  located  at  an  elevation  of  217  feet. 
Water  was  stixiek  in  this  well  at  a  depth  of  <)20  feet.  It  appirently 
came  from  fissures  in  the  rock.  The  water 'level  in  this  well  is  only 
27  feet  below  the  surface— i.  e.,  it  is  127i  feet  higher  than  the  level  in 
the  lower  wells  and  190  feet  above  sea  level.  All  the  wells  are  sit- 
uated on  the  backbone  of  a  small  peninsula  that  extends  into  Penob- 
scot Bay.  This  peninsula  is  only  2  miles  long  and  1  mile  wide,  and 
is  joined  to  the  mainland  by  a  narrow  isthmus  which  has  been  crossed 
l)y  a  canal.  The  deepest  well,  whose  water  rises  190  feet  above  sea 
level,  is  only  half  a  mile  from  the  shore  of  the  bay. 

PRIVATE   SUPPLIES. 

The  farming  communities  in  Maine,  as  elsewhere  in  the  Eastern 
Suites,  consist  of  isolated  families  or  very  small  groups  of  families  in 
villages  that  are  not  large  enough  to  warrant  the  wholesale  distribu- 
tion of  water.  Water  can  not  })e  conveyed  to  them  economically  from 
long  distances,  hence  their  supplies  must  come  from  near-by  sources, 
which  are  availal)le  almost  everywhere  immediately  beneath  the 
surface.  These  imderground  sources  are  tapped  by  dug  and  by  drilled 
wells,  or  by  the  natural  fissures  through  which  springs  issue. 

DUG,  DRIVEN,  AND   BORED   WELLS. 

The  soil  covering  of  Maine  is  largely  glacial  in  origin.  The  drift 
which  covers  the  hard  rocks  is  of  considera})le  thickness  over  most  of 
the  State,  and  from  its  nature  it  affords  many  reservoirs  for  the 
storage  of  ground  water.  Where  gravels  and  sands  are  intercalated 
between  clay  b?ds  these  furnish  abundant  water.  The  depth  of  the 
layers  from  which  the  water  is  derived  varies  widely  ev  en  in  the  same 
neighborhood,  because  the  coarse-grained  beds  are  not  of  great  hori- 
zontal extent,  and  neighboring  wells,  therefore,  must  often  obtsiin  their 
water  from  different  layers.  In  thpse  places  where  the  drift  covering 
is  thin  the  rock  under  the  drift  is  blasted  into,  and  in  this  wav  a 
shallow  basin  is  made,  into  which  water  seeps  from  the  basal  layers 
of  the  overlying  drift  and  from  the  crevices  opened  up  in  the  rock. 

In  the  valleys  of  many  of  the  rivers  are  deposits  of  clay,  which  were 
either  laid  down  by  the  rivers  themselves  or  by  bays  of  the  ocean 
which  formerly  extended  inland  up  the  river  valleys.  Between  the 
successive  beds  of  clay  are  often  thin  layers  of  water  that  are  con- 
tinuously flowing  riverward  as  broad  sheets.  Where  these  are  inter- 
cepted by  wells  an  abundant  and  constant  supply  of  water  is  obtained. 
Wells  of  this  class  possess,  in  a  measure,  artesian  characters.  The 
water  often  rises  above  its  immediate  source,  and  its  height  is  only 
slightly  affected  by  droughts.  On  the  other  hand,  the  beneficial  effect 
of  sand  filtration  upon  the  water  is  lacking,  and  consequently  these 
wells  are  more  apt  to  become  polluted  than  those  that  obtain  their 
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water  by  tapping  supplies  in  sand  or  gravel.  A  rapid  examination  of 
the  records  of  the  State  board  of  health  shows  that  the  greater  pro- 
portion of  the  polluted  wells  investigated  by  the  board  are  those 
which  obtain  their  water  from  between  clay  layers;  whereas,  on  the 
other  hand,  the  wells  obtaining  their  supply  from  the  sand  beds  in  the 
drift  usually  furnish  good  water,  although  they  maybe  situated  in  the 
midst  of  farm  buildings  that  have  occupied  the  land  for  periods  of 
fifty  or  seventy-five  years. 

DRILLED  WELI^. 

Because  of  the  abundance  of  streams,  lakes,  and  springs  in  the  State, 
and  the  ease  with  which  the  underground  water  in  the  glacial  drift 
may  be  reached  by  dug,  driven,  and  bored  wells,  the  use  of  drilled 
wells  is  not  common.  There  are  a  few  in  the  interior  counties  where 
the  supply  of  surface  water  is  not  constant  and  where  the  drift  is  thin 
and  dug  wells  are  likely  to  fluctuate  with  variations  in  the  amount  of 
rainfall,  but  by  far  the  greater  portion  of  the  deep  wells  are  situated 
either  on  the  islands  off  the  cost  or  in  a  narrow  strip  on  the  mainland 
bordering  the  shore.  This  shore  strip  is  almost  insular  in  character. 
Deep  inlets  extend  back  into  the  land,  separating  it  into  narrow 
tongues  that  are  almost  surrounded  by  salt  water.  Moreover,  the  drift 
covering  is  usually  thin,  and  in  this  belt,  as  on  the  islands,  the  collect- 
ing areas  are  small  and  the  capacity  of  the  drift  for  storage  is  small. 

Records  of  the  rocks  drilled  through  have  been  kept  for  very  few 
of  the  wells.  This  fact,  together  with  the  fact  that  the  geology  of  the 
State  is  practically  unknown,  makes  it  impracticable  to  work  out  at 
present  the  limits  of  artesian  basins.  From  the  scanty  data  at  hand, 
however,  it  appears  probable  that  at  least  one  basin  exists  in  the  north- 
eastern part  of  the  State,  in  the  eastern  portion  of  Aroostook  County, 
and  another  in  the  west-central  part,  surrounding  Moosehead  Lake. 

At  Greenville,  at  the  mouth  of  Moosehead  Lake,  are  two  wells  that 
flow.  These  two  and  a  few  others  in  the  coast  belt  are  tiie  only  ones 
that  furnish  water  at  the  surface.  In  the  great  majority  of  the  wells, 
however,  the  water  is  forced  upward  by  natural  pressure  some  dis- 
tance above  its  source. 

Of  the  448  drilled  wells  of  which  reports  have  been  received,  134 
are  100  feet  deep  or  over.  Of  these  there  are  2  over  500  feet  deep, 
7  between  300  and  400  feet,  and  25  between  200  and  300  feet. 

SPRINGS. 

Throughout  the  interior  of  the  State  springs  are  frequently  used  as 
sources  of  water  supply  when  they  are  situated  at  a  greater  elevation 
than  the  buildings  t«  be  furnished  with  water.  Often  several  families 
cou)bine  and  have  the  water  of  the  larger  springs  distributed  through 
their  dwellings  by  pipes.     Occasionally  the  water  is  raised  by  wind- 
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mills,  but  usually  it  is  distributed  by  gravit}^  alone.  In  those  portions 
of  the  State  where  the  well  water  is  hard,  springs  are  more  generally 
utilized  than  in  those  portions  where  the  well  water  is  soft.  In  a  few 
instances  where  the  quality  of  the  water  in  the  streams  near  by  is  poor, 
springs  supply  water  for  manufacturing  establishments. 

Very  important  springs,  which  are  of  great  economic  value  to  the 


LEGEND 
*  Flowing  wells 

O  Wells  with  water  rising 
within  10  feet  of  surface 

.Scale 
25  50  T.")  lOOmilei 


Fig.  15.— Location  of  flowing  or  nearly  flowing  wells  of  Maine. 

State,  are  those  which  may  be  denominated  commercial  springs.  This 
group  includes  those  springs  whose  waters  are  sold  by  measure,  i.  e. , 
in  small  parcels.  Of  this  class  there  are  two  subclasses.  In  the  first 
are  included  springs  that  furnish  water  to  consumers  in  their  vicinity 

1KB  114—05 i 
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at  regular  intervals,  to  be  used  as  table  water.  In  this  group  there 
are  at  present  known  to  be  25  springs,  from  which  486,000  gallons  are 
sold  at  a  cost  to  the  consumers  of  $29,782.  A  list  of  these,  with  analyses 
of  their  waters,  is  given  in  the  table  on  pages  51  to  53.  The  second 
subclass  includes  springs  whose  waters  are  bottled  and  shipped  to  dis- 
tant points.  The  mineral  springs  whose  waters  are  supposed  to  pos- 
sess medicinal  properties  are  included  here,  and  also  certain  other 
springs  whose  water  is  exceptionally  pure.  The  quantity  of  water 
shipped  from  these  in  1902  was  355,865  gallons,  valued  at  $71,415. 
This  amount  does  not  include  the  sales  of  water  from  Poland  Spring, 
the  proprietors  of  which  decline  to  make  any  statement  as  to  the  quan- 
tity or  value  of  the  water  supplied  by  them  to  consumers.  It  is  known, 
however,  that  the  aggregate  value  of  the  water  shipped  from  this 
spring  is  greater  than  that  of  all  the  other  springs  in  the  State.  The 
springs  in  this  group  number  22.     (See  table  on  page  54.) 
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NEW  HAMPSHIRE.^ 


By  M.  L.  Fuller. 


TOPOGRAPHY. 

Taken  as  a  whole  New  Hampshire  is  more  rugged  than  any  other 
New  England  State.  Although  the  mountains  are  lacking  in  the 
definite  trend  which  characterizes  the  Green  Mountain  and  Berkshire 
Hill  ranges,  they  comprise,  nevertheless,  the  highest  and  most  rugged 
peaks  of  the  eastern  section  of  the  country  north  of  North  Carolina. 
The  highest  land  is  in  the  western  and  northern  parts  of  the  State, 
culminating  in  the  White  Mountains  of  the  north-central  portion, 
where  Mount  Washington  and  several  other  peaks  reach  elevations  of 
5,0iX)  to  6,000  feet  or  over.  The  lowest  area  within  the  State  is  in  the 
southeastern  portion,  where  much  of  the  land  is  less  than  600  feet 
alK)ve  sea  level,  considerable  tracts  lie  between  500  and  1,000  feet,  and 
a  few  hills  and  ridges  above  1,0(X)  feet. 

In  general  the  hills  and  mountains  present  smooth  and  rounded  out- 
lines, while  the  valleys  are  generally  wide,  with  gentle  or  moderate 
slopes.  In  addition  to  the  rock  hills,  there  are,  in  the  southern  third 
of  the  State,  a  large  number  of  smooth,  lenticular  hills,  100  feet  or 
more  in  elevation  above  their  base,  composed  of  deposits  formed  by 
the  glaciers  when  they  occupied  the  region.  They  are  known  as 
drumlins. 

GEOIiOGY. 

Over  the  greater  part  of  the  State  the  rocks  are  of  the  crystalline 
type,  and  include  granites,  gneisses,  etc.,  but  along  the  western  l)order, 
and  also  along  a  broken  belt  extending  from  the  southwestern  portion 
of  the  State  northeastward  into  Maine,  in  the  vicinity  of  Rochester, 
there  are  extensive  outcrops  of  slates,  quartzites,  schists,  etc.,  with 
occasional  small  areas  of  limestone.  The  rocks  of  all  types  are  gen- 
erally characterized  either  by  bedding  or  lamination  planes,  and  are 
frequently  much  broken  by  joints. 

Like  other  New  England  States,  New  Hampshire  is  covered  with 
surface  deposits  of  unconsolidated  material  laid  down  by^  the  ice  sheet 
or  its  a^sociat^d  drainage  ways.     This  surface  material  or  drift  is  not 

aTfae  portions  of  the  present  descriptions  relating  to  wells  and  springs  are  ba-sed  on  data  collected 
by  Mr.  J.  M.  Boutwell. 
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of  uniform  distribution,  being  in  general  of  much  greater  thickness 
in  the  southern  portion  of  the  State  than  in  the  northern.  Neither  is 
the  drift  of  uniform  thickness  in  the  same  general  region,  the  crests 
and  sides  of  the  mountains  and  many  of  the  higher  hills  being  thinly 
coated  with  or  even  nearly  free  from  glacial  materials.  In  the  valleys 
and  on  the  lowlands,  however,  the  drift  deposits  reach  a  considerable 
thickness  and  afford  the  most  important  source  of  water  in  the  State. 
Of  the  types  of  drift  the  stratified  deposits  along  the  present  stream 
channels  are  the  most  important.  The  sands  and  gravels  along  the 
Connecticut,  Merrimac,  Pemigewasset,  Ashuelot,  Contoocook,  Saco, 
and  Great  Ossipec  rivers  are  of  considerable  importance.  Many  small 
areas  and  a  few  large  ones  are  covered  b}^  deposits  laid  down  in  glacial 
lakes  at  a  time  when  the  retreating  ice  margin  blocked  the  northward- 
flowing  streams.  Extensive  stratified  deposits  also  occur  along  the 
Atlantic  coast  in  the  southeastern  portion  of  the  State.  Outside  of 
the  areas  of  stratified  materials  of  the  river  bottoms,  glacial  lake 
basins,  and  along  the  coast,  the  surface  is  generally  covered  with  a 
bowlder  clay,  or  hard  pan,  known  as  till.  In  general  it  is  very  thin, 
but  becomes  of  considerable  thickness  in  the  lenticular  hills,  known  as 
drumlins,  in  the  southern  third  of  the  State. 

UNDERGROUND  WATERS. 

WELLS. 

The  wells  may  be  grouped  into  two  classes:  (1)  Those  in  the  drift 
and  (2)  those  entering  the  rock.  Of  the  wells  in  the  drift,  those  in 
the  compact  and  more  or  less  clayey  till  or  haixl  pan  yield  the  least 
satisfactory  supplies  both  as  regards  quantity  and  quality.  In  the 
stratified  drift,  especially  in  the  sands  and  gravels  of  the  valleys  and 
basins  mentioned  above,  the  supplies  are  generally  of  good  quality  and 
ample  in  volume.  In  the  more  densely  populated  portions  of  the 
State,  especially  near  the  coast,  the  shallow  drift  waters  are  some- 
times liable  to  pollution,  but  satisfactory  supplies  can  usually  l>e 
obtained  at  almost  any  point  where  the  stratified  drift  occura. 

Wells  are  in  general  drilled  into  the  rock  only  when  satisfactorj' 
supplies  can  not  be  obtained  from  the  drift.  The  rocks  over  a  large 
part  of  the  area  are  crj^stalline  and  dense  and  do  not  present  ideal 
conditions  for  water  storage,  so  that  the  value  of  a  rock  well  must 
always  be  in  doubt  until  it  is  completed.  As  already  pointed  out,  the 
crystalline  rocks  are  generally  marked  by  lamination  planes  and  are  cut 
by  joints,  while  the  slates,  quartzites,  limestones,  and  other  stmtified 
rocks  are  characterized  likewise  by  joints  and  also  in  many  instances 
by  rather  definite  bedding  planes.  The  geneml  effect  of  all  of  these 
features  is  to  allow  the  water  to  |K»netrate  into  the  interior  of  the  rock, 
and  most  deep  rock  wells  ol)tain  moderate  supplies,  but  irregularities 
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m  the  0(*curi-ence  of  joints  and  other  planes  render  the  results  of  drilling 
very  uncei*tain. 

Many  wells  from  200  to  1,300  feet  deep  have  been  drilled  in  the 
State,  nearly  every  county  being  represented.  The  majority  of  these 
have  found  water,  although  a  few  of  the  deeper  wells  have  been  fail- 
ures. The  supplies  in  some  of  these  wells  are  so  great  as  to  warrant 
the  installation  of  steam  pumps  for  raising  the  water.  The  deep  wells 
are  used  mainly  in  the  various  manufacturing  industries  and  by  the 
larger  hotels. 

The  waters  of  the  drift  are  generally  soft  and  relatively  free  from 
mineral  matter,  but  those  obtained  by  the  deeper  rock  wells  are  fre- 
quently hard  and  charged  with  mineral  matter,  especially  iron. 

SPRINGS. 

As  in  all  rugged  regions,  springs  abound  in  the  hilly  portions  of 
New  Hampshire.  Over  a  large  portion  of  the  western  and  northern 
part  of  the  State  there  is  hardly  a  farm  that  is  without  one  or  more 
available  springs.  In  these  regions  springs  are  the  leading  source  of 
domestic  supplies,  and  at  a  number  of  places,  as  at  Dover,  Gorham, 
North  Stafford,  Nashua,  Bennington,  and  elsewhere,  springs  consti- 
tute a  principal  or  partial  source  of  public  supply.  Spring  waters 
are  also  frequently  used  in  dairy  and  other  similar  industries  at  many 
points  throughout  the  State. 

Besides  the  uses  outlined  above  many  of  the  spring  waters  of 
New  Hampshire  are  placed  on  the  market  for  medicinal  or  table  use. 
In  1902,  eight  springs  reported  sales  amounting  to  629,500  gallons, 
with  a  value  of  $185,995,«  viz: 

Amherst  Mineral  Spring,  Amheret,  Hillsboro  County. 

Granite  State  Spring,  Plaistow,  Rockingham  County. 

Hale  Spring,  Plaistow,  Rockingham  County. 

T^ayette  Spring,  West  Derry,  Rockingham  County.     * 

Londonderry  Lithia  Spring,  Londonderry,  Rockingham  County. 

Mount  Madison,  formerly  Gorham  Mineral  Spring,  Gorhan),  Coos  County. 

Pack  Monadnock  Lithia  Spring,  Temple,  Hillsboro  County. 

Toof  8  Artesian  Well,  Concord,  Merrimac  County. 

In  addition  to  the  above  springs  there  are  probably  many  local 
springs  which  supply  water  for  family  use  on  a  small  scale  in  the 
cities.     A  number  of  resorts  have  also  been  established  at  springs. 

PRINCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  17-18. 

New  Hampshire  [well  and  spring  records],  by  J.  M.  Boutwell:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  1904,  pp.  56-72. 


aPeftle,  A.  C,  Mineral  Resources  U. 8. for  1902.  U.  S.  Geol.  Survey.  1904,  p. 996. 


VERMONT. 


By  G.  11.  Perkins. 


GENERAIi  CONDITIONS. 

Vermont  is  157  miles  long  from  north  to  south  and,  on  the  average, 
about  58  miles  wide  from  east  to  west.  The  Green  Mountain  Range, 
which  divides  the  State  into  nearly  equal  east  and  west  portions,  forms 
a  watershed  from  which  most  of  the  streams  flow  either  east  into  the 
Connecticut  or  west  into  Lake  Champlain.  As  the  mountains  and 
foothills  occupy  a  large  portion  of  the  State  there  is  little  level  ground, 
the  surface  being  mostly  uneven — mountain,  hill,  or  valley.  The 
mean  rainfall  over  the  State  is  not  far  from  39  inches.  Probably  no 
State  is  more  abundantly  watered,  for  in  most  of  the  towns  springs 
are  numerous  and  unfailing,  and  these  are  supplemented  elsewhere  by 
wells  and  streams. 

The  unaltered  stratified  rocks  of  Vermont  are  found  mostly  in  the 
Champlain  Valley,  where  the  Cambrian  sandstone,  Beekmantown  sand- 
stones and  limestones,  Chazy,  Trenton,  and  sometimes  Black  River 
limestone  and  Utica  shales  form  a  narrow  border  along  the  western 
part  of  the  State.  East  of  these  unchanged  beds  the  rocks  are  largely 
crystalline  and  metamorphic,  consisting  of  granite,  gneiss,  schist,  and 
slate.  The  whole  State  is  covered  with  glacial  deposits,  composed  of 
gravels,  clays,  and  sands. 

WATER  SUPPIiY. 

PiMio  supplies, — Because  of  the  abundance  of  springs  and  the  con- 
sequent ease  and  cheapness  with  which  a  public  water  system  can  be 
established  in  many  towns,  such  supply  is  often  found  where  it  would 
scarcely  be  expected.  At  least  65  towns  and  villages  have  a  more  or 
less  complete  public  supply.  Some  of  these  are  owned  by  the  towns, 
many  by  corporations  or  individuals.  In  a  number  of  towns  there 
are  several  systems;  for  example,  Barre  has  at  present  a  system  owned 
by  the  city,  which  supplies  1,200  families,  and  at  least  5  smaller  sup- 
plies, which  are  used  by  from  6  to  250  families  each.  Montpelier  is 
still  more  lavishly  provided,  there  being  the  city  supply,  which  fur- 
nishes by  far  the  greater  number  of  the  residents,  and,  in  addition, 
more  than  twelve  other  sources  which  supply  from  2  to  50  or  more 
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families.  In  1898  a  State  laboratory  of  hygiene  was  established,  and 
as  water  used  for  drinking  can,  under  certain  regulations,  be  analyzed 
here  free  of  charge,  most  of  the  water  used  in  the  larger  towns  is 
frequently  examined  chemically.  In  the  following  table  are  given  the 
sources  of  supply  of  most  of  the  important  cities  and  towns  of  the 
State: 

Sources  of  water  mppcy  of  Vermont  toums. 


Addison . . . 

Do.... 

Bennington 

Do.... 


Caledonia 
Essex 


Do.. 

Franklin 

Do.. 


Lamoille 
Do.. 
Do.. 
Do.. 


Do 

Orange 

Do 

Do 


Orleans. 

Do. 

Do. 
Batland 

Do. 
Do. 
Do. 
Do. 


Middlebury Springs 

VergennesJ Otter  Creek 

Arlington i  Spring 

[uinox  Springs 

Orvis's  springs. 

EastBamet Springs 

Island  Pond do 


Manchester. 


Is.  M. 


Lunenburg Three  laiyire  springs. 

Richford Springs 


St  Albans Reservoir    (4    miles 

from  town). 

Hydepark ,  Springs 

Jeffersonville do 


Johnson 
do. 


.do 
.do 


Stowe , do 

Bradford A  series  of  springs. 

North  Thetford Springs 


do 


Derbyline  . 

Glover 

North  Troy 
Brandon  .. 


Center  Rutland 

Danby  

Pittsford 

Poultney 


Union  and  North 
Thetford  water  com- 
panies. 

Springs 

do 

do 

Hitchcock  Pond  (6 
miles  north). 

Springs 

do 

Large  spring 


Do 


L/O  *  .••  V. ^ { 


Proctor.. 
Rutland . 


Crystal  Lake,  Hamp- 
ton, N.  Y. 

Springs 

Mendon  brooks 


Town. 

City. 

Arlington  Water  Com- 
pany. 

^Town. 

Town  water  company. 

Island  Pond  Water 
Company. 

Town. 
Do. 

Private. 

Town. 

Waterman  &  Welch. 

Water  company  (J.  A. 
Pearl,  agent). 

C.  E.  and  F..0.  Burt. 

Town. 

Union  and  North  Thet- 
ford water  compa- 
nies. 

Independent  farmers. 

Town. 

Private. 

Two  companies. 

Town. 

Do. 

Do. 

*  Do. 

Do. 

Do. 
Do. 
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Sources  of  water  supply  of  Vermont  tovms — Continued. 


County. 


Washini^ton 

Do 

Do 

Do 


Do 

Do 
Do 
Do 
Do 
Do 

Do 


Do... 
Windham 

Do... 
Windsor. . 


Do 
Do 
Do 
Do 
Do 
Do 

Do 
Do 


Town. 


Barre  . 

do 

do 

do 


Marsh  field. 


Source  of  supply, 


Several  companies,  t 

Springs 

Brooks  

Spring 


Springs. 


Middlesex . 
Montpelier 
Northfield . 
Plainfield.. 
Roxbury  .. 


do 

Berlin  ponds  (two). 
Two  public  systems. 

Springs 

do 


Waterbury 


Waterbury  Center. . 

Bellows  Falls 

Jamaica ; 

Chester 

I 

I 

Hartford , 

Ludlow 

Norwich , 

Rochester 

Springfield 

White  River  Junc- 
tion. 

Wilder 

Windsor 


Brooks    and    springs 
collected. 

Springs 

Minard's  pond 

Fifteen  springs 

Stream 


Ownership. 


Springs 

do. 

do 

do 

do, 

do 


Three  springs 
Springs 


Water  company. 

Harvey  Hersey. 

Private  and  city. 

Barre     Spring     Com- 
pany. 

BatchelderWaterCom- 
pany. 

Private  ow^ners. 

City. 

Private. 

Village. 

J.  W.  Howe  and  G.  A. 
Tilden. 

Town. 

Hopkins  &  Company. 

Town. 

Do. 

Chester  Water  Com- 
pany. 

A.  L.  Peace. 

Town. 

Do. 

Do. 

Do. 

Do. 

OlcottWaterCompan  y 
Town. 


Coiiuaon  .springs, — As  has  been  indicated,  springs  are  abundant  over 
a  large  part  of  the  State.  Of  the  248  towns  reporting,  not  less  than 
190  are  sjiid  to  be  wholly  or  in  large  part  aupplieJ  from  springs. 
Many  of  these  springs  are  large  and  constant  in  flow  and  tempeni- 
ture,  the  latter  being  often  as  low  as  38"^  F.,  even  in  midsummer,  and 
many  show  throughout  the  year  a  temperature  varying  but  little  from 
45^  F. 

As  there  is  little  or  no  soluble  matter  in  the  rocks  in  most  parts  of 
the  State,  the  spring  water  is  usually  pure  and  soft. 

The  abundance  of  springs  is  shown  in  the  reports  from  single  and 
not  large  farms,  that  within  their  limits  there  are  20,  30,  or  even  40 
a<'tive  springs.  The  water  supply  of  most  towns  having  a  public 
water  system  is  taken  either  from  one  large  spring  or  from  several 
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which  have  been  connected.  Analyses  of  many  of  these  springs 
could  be  given.  Nearly  all  of  them,  however,  simply  show  pure 
water  with  no  organic  and  very  little  solid  matter,  and  as  Vermont  is 
for  the  most  part  not  thickly  settled,  there  are  few  or  no  sources  of 
contamination.  As  an  example  of  what  may  l)e  regarded  as  an 
average  sample  of  Vermont  spring  water,  the  following  is  given. 
The  sample  was  taken  from  a  tap  located  at  some  distance  from  the 
reservoir  supplied  by  springs.     It  is  not  the  purest  nor  the  worst. 

Anafifsis  of  tratrr  from  John^^an,  17. 


Total  solids 

Loss  on  ignitioD 

Fixed  solids 

Free  ammonia 

Albuminoid  ammonia 
Chlorine 


Part*  per 
million. 


40.4 
3.2 

37.2 
.018 
.07 
.4 


Nitrogen  as  nitrates 
Nitrogen  as  uitritej?. 

Hardness 

Turbidity 

Setliment 

Color 


PartH  iHT 
million. 


.100 
None. 
3.1 
None. 
None. 
None. 


Mineral  springs, — Mineral  springs  are  found,  though  not  in  large 
number,  in  different  parts  of  the  State.  Most  conunonly  they  are 
more  or  less  sulphurous,  but  alkaline  carbonated  springs  also  occur. 
The  chief  resorts  on  account  of  the  water  are  Alburg  Springs,  High- 
gate,  Sheldon,  Clarendon,  Middleton,  an<l  Brunswick.  The  springs  at 
South  Hero,  Chelsea,  Concord,  Wolcott,  Newbury,  and  Warren  are 
all  of  some  repute.  The  E<|uinox  Spring,  at  Manchester,  is  not 
mineral,  but  is  simply  a  very  line  spring  of  pure  water.  The  water 
of  some  of  the  deep  wells  is  so  strongly  magnesian  as  to  properly 
come  under  the  class  of  mineral  waters. 

The  springs  reporting  shipments  of  water  in  1902^*  are  as  follows: 

Brunswick  Mineral  Spring,  Brunswick,  Kssex  CJounty. 
Clarendon  Springs,  Clarendon  Springs,  Rutland  County. 
Equinox  Spring,  Manchester,  Bennington  County. 
Middletown  Springs,  Middletown  Springs,  Rutland  County. 
Missisquoi  Mineral  Springs,  Sheldon,  Franklin  County. 
Newfane  or  Vermont  Mineral  Spring,  Putney,  Windham  County. 

The  amount  shipped  is  stated  as  89,10()  gallons,  with  a  value  of 
S22,760. 


aPeale.  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  S.  Geol.  Survey,  I'm,  p.  996. 
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As  exampleH  of  these  mineral  waters  the  following  analyses  are  given: 

Analyses  of  Vermant  spring  waters. 


Clarendon  Spring. 


Sodium  chloride 

PotasBium  sulphate 

Calcium  sulphate 

Calcium  bicarbonate . . . 
Magnesium  bicarbonate 
Magnesium  chloride  . . . 

Iron  bicarbonate 

Silica 

Alumina 


Parts  per 

million. 

2.5 

2.0 

.8 

182.2 

36.7 

1.1 

1.8 

11.2 

.8 

Missisquoi  Spring. 


Free  carbonic  acid 

Sodium  chloride 

Calcium  chloride 

Magnesium  chloride 

Sodium  sulphate 

Calcium  sulphate 

Aluminium  sulphate 

Magnesium  sulphate 

Sodium  phosphate 

Sodium  bicarbonate 

Magnesium  bicarbonate. . 
Manganous  bicarbonate  . 

Ferrous  bicarbonate 

Silica 

Crenic  and  apocrenic  acid 
Titanic  acid 


Parts  per 
million. 


45.49 

.38 

2.12 

.60 

6.52 

12.09 

2.70 

5.51 

.08 

126.62 

72.19 

1.40 

3.03 

12.25 

Trace. 

Trace. 


Ordinary  wells. — Wells  of  any  sort  are  less  common  than  they  would 
be  if  springs  did  not  aflPord  a  more  convenient  and  better  source  of 
water.  Underground  water  is  everywhere  and  wells  can  be  success- 
fully dug  in  all  parts  of  the  State.  Most  of  the  wells  thus  far  dug  are 
not  deep,  ranging  from  10  to  30  feet,  and  are  usually  wholly  in  the 
drift  or  other  glacial  deposits.  Occasionally  a  well  is  carried  down  into 
the  underlying  rock,  but  not  often. 

The  water  of  wells  is  usually  reported  as  hard  and  almost  always  the 
amount  of  solids  in  well  water  is  much  greater  than  in  spring  water. 
In  some  paits  of  Vermont,  as  on  Grand  Isle,  it  has  been  found  better 
to  dig  very  large,  though  shallow  wells.  Some  of  these  are  16  feet  in 
diameter  and  12  to  15  feet  deep.  In  this  way  more  water  is  procured 
than  would  be  obtained  by  making  a  small  well  and  going  deeper. 

Deep  and  artemin  \relh. — Wells  of  this  class  are  found  most  com- 
monly in  the  Champlain  Valley  and  in  the  stratified  rocks.  The  water 
is  very  often  strongly  impregnated  with  alkaline  salts,  especially  of 
magnesia  and  lime,  and  is  therefore  very  hard.  Reports  have  been 
received  from  about  100  wells  which  are  over  50  feet  deep.  This 
number,  however,  does  not  include  nearly  all  there  are  in  the  State. 
The  deepest  well  in  the  State  is  one  which  was  bored  for  experimental 
pui'poses  rather  than  water  by  Dr.  W.  S.  Webb.  It  is  1,400  feet  deep 
and  gives  no  water,  though  only  300  feet  from  the  lake  shore.  A  well 
sunk  not  far  from  the  shore  of  the  lake  by  the  Burlington  Rendering 
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Company  to  a  depth  of  4!tO  feet  found  no  water.     In  both  caseM  water 
hud  to  be  supplied  from  outride  for  the  drillin^r. 

Only  a  few  of  these  wells  flow,  but  in  a  few  the  water  rises  from  4  to 
18  feet  above  the  mouth  of  the  well.  In  or  near  Burlington  there  are 
16  wells  bored  to  depths  of  from  13(1  to  iVG  feet.  At  least  5  of  these 
arc  so  strongly  impregnated  with  lime  and  magnesia  salts  that  they 
i-an  not  well  be  used  for  steam,  since  the  precipitation  of  these  salt^i 
fills  the  pipes.     The  water  in  these  wells  is  dear  and  cold  and  is  nmch 

liked  for  drinking.    It  has  been  ' 

found  very  beneficial  in  some      jT,"C"Ja 
cases  of  dyspepsia.  /  yi  ■ 

The  character  of  the  beds  -^''  ^ 
passed  through  by  these  wells 
was  much  the  same,  but  the 
thickness  of  each  bed  varied 
greatlj';  that  is,  the  first  beds 
were  glacial  and  the  last  were 
Cambrian  or  Lower  Bcek- 
mantown,  but  in  on©  well  the  \ 
glacial  beds  are  only  '20  feet 
thick,  while  in  another  they 
are  over  2f)0.  In  the  sUto  re- 
gion, which  is  Cambrian,  there 
are  more  deep  wells  than  in  any 
other  part  of  the  State.  Mr. 
.1.  P.  Iloadley,  who  has  bored 
more  wells  than  anyone  else  in 
the  State,  tells  me  that  he  has 
I>ored  over  50  in  the  town  of 
I'oultney  alone.  Probably  no 
other  town  has  so  large  a  num- 
ber. As  has  been  noticed, 
most  of  the  deep  wells  are  near 
the  western  border  of  the  State,  in  the  towns  lM>rdering  Ijake  Champlain. 
The  usual  cost  of  boring  deep  wells  in  this  State  is  from  ¥1  to  $5  per 
foot. 

irtX'tt*  onf/  /miulx. — >iaturally  many  of  those  who  live  near  Lake 
Champlain  take  water  from  it  by  windmill  or,  more  rarely,  by  steam 
pump.  The  only  town  that  takes  its  supply  from  the  lake  is  Burling- 
ton, the  lai^est  place  in  the  State.  Here  the  water  is  pumped  by 
steam  to  two  large  reservoirs,  nearly  400  feet  above  the  lake,  from 
which  it  goes  by  gravity  over  the  city. 
IRR  114—05 5 
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An  average  analysis  of  the  water  of  Lake  Champlain  taken  from 
faucet  is  as  follows: 

Analyms  of  water  of  Lake  Champlain, 


Total  Bolidfl 

Loss  on  ignition 

Fixed  solids 

Free  ammonia 

Albuminoid  ammonia 
Chlorine 


Parts  per 
million. 


74.1 

18.0 

56.1 
.035 
.143 
.68 


Parts  per 
million. 


Nitrates  0.128 

Nitrites I        .00 

Sediment («} 

Turbidity '  (« ) 


Hardness 


4.3 


«  Very  slight. 

A  few  towns,  as,  for  example,  Brandon  and  Bellows  Falls,  get  water 
from  small  lakes  or  ponds.  Some  of  these  ponds  are  directly  fed  by 
springs  and  are  therefore  very  satisfactory  as  a  source  of  supply. 

Streams. — A  few  towns — Vergenncs,  Wells  River,  and  some  others — 
get  water  from  adjacent  streams.  There  seems  to  be  more  danger  of 
contamination  in  this  aise,  and  the  supply  is  therefore  less  satisfactory. 

Cisterns, — Cisterns  are  not  much  used  in  this  State,  but  there  are 
some  places  in  which  the  only  other  suppl}'  is  from  wells  which  give 
hard  water,  and  in  these  places  cistern  water  is  used  for  drinking  and 
laundry.  The  whole  number  of  towns  reporting  cisterns  in  use  is 
very  small. 

SUMIVIARY. 

It  will  be  seen  from  the  foregoing  statements  that  the  questions 
which  the  necessitv  for  wholesome  and  abundant  water  for  domestic 
pui'poses  raise  in  many  parts  of  the  country  are  not  important  in 
Vermont.  Everywhere,  except  in  a  few  places,  water  is  abundant  in 
quantity  and  excellent  in  quality.  Many  towns  allow  a  large  quantity 
of  cool,  clear,  pure  spring  water  to  run  to  waste  because  there  is  no 
use  for  it.  But  the  conditions  under  which  this  ample  supply  exists 
are  extremely  interesting  and  deserve  extended  study. 

As  has  been  noted,  most  of  the  wells  and  springs  are  located  in  the 
glacial  deposits.  These  are  often  very  thick.  Some  of  the  wells  have 
gone  through  200  feet  or  more  of  these  deposits  before  reaching  the 
underlying  rock.  For  example,  one  of  the  four  deep  wells  at  Fort 
Ethan  Allen  was  bored  through  221  feet  of  sands  and  clays  and  then 
went  over  150  feet  into  the  ledge  below.  Few  wells  except  those  of 
considerable  depth  go  into  the  rock.  Most  either  stop  in  hardpan 
some  distance  above  th(i  rock  or  go  just  to  the  ledge,  but  rarely  into 
it,  and  in  those  cases  where,  in  the  hope  of  getting  more  water,  the 
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rock  has  been  entered,  the  result  has  not  always  been  satisfactory,  no 
increase  in  amount  of  water  being  gained.  In  some  wells  that  have 
Iwen  carried  a  short  distance  into  the  rock  more  and  better  water  has 
been  obtained,  but  such  cases  are  the  exception.  The  above  applies 
only  to  shallow  wells.  In  the  deep  wells  often  the  volume  of  water 
flowing  has  been  increased  by  boring  deeper.  This  is,  however,  by 
no  means  always  true.  In  the  reports  of  several  deep  wells  we  find 
that  as  much  or  more  water  was  found  at  200  feet  as  at  300  or  more. 
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MASSACHUSETTS  AND  RHODE  ISLAND. 


By  W.  O.  Crosby. 


Since  Rhode  Island  is  half  encircled  by  Massachusetts  and  presents 
no  essentially  distinctive  topographic  or  geologic  features,  the  two 
States  may  best  be  treated  as  a  unit  in  a  preliminary  study  of  their 


underground  waters. 


GEOIiOGY. 


In  a  broad  way  Massachusetts  and  Rhode  Island  may  be  subdivided, 
according  to  the  relief  of  the  land,  into  a  number  of  belts,  each  marked 
by  its  own  chamcteristic  geology  and  topography.  The  westernmost 
of  these  may  be  termed  the  Berkshire  Hills.  These  are  a  series  of  high 
mountainous  ridges  lying  in  the  extreme  western  part  of  the  State, 
the  rocks  of  which  consist  of  strongly  folded  and. faulted  quartzites, 
limestones,  slates,  schists,  etc.,  mostly  of  Paleozoic  age,  which  by 
tjheir  erosion  have  given  rise  to  the  rugged  topography  characterizing 
the  region.  To  the  east  the  Berkshire  Hills  grade  off  into  a  less  rugged 
and  somewhat  lower  region  of  similar  rocks  and  structure,  which 
extends  to  the  borders  of  the  Connecticut  Valley  lowlands.  These 
lowlands  are  marked  in  general  by  the  presence  of  soft  reddish  Triassic 
sandstones  and  shales,  with  an  occasional  trap  bed  forming  the  ridges. 
They  extend  from  the  Connecticut  line,  where  they  have  a  width  of 
20  miles  or  more,  northward  to  their  termination,  a  few  miles  south 
of  the  New  Hampshire  line.  East  of  the  Connecticut  Valley  a  belt 
of  folded  sedimentary  or  metamorphic  rocks  is  first  encountered, 
beyond  which  the  broad  crystalline  belt,  consisting  largely  of  igneous 
rocks,  but  including  many  altered  sedimentary  beds,  extends  eastwaixl 
to  the  coast.  In  the  vicinity  of  Boston,  and  extending  southwestward 
for  some  distimce,  and  again  in  the  vicinity  of  Narnigansett  Bay,  and 
in  the  region  to  the  northeast,  there  are  considerable  areas  of  Carbon- 
iferous sandstones,  conglomerates,  and  slates.  Cape  Cod  and  a  portion 
of  the  adjacent  region  consist  superficially  entirely  of  gravel,  sands, 
etc.,  of  glacial  derivation. 

Over  the  whole  of  the  surface  of  the  State  is  spread  a  mantle  of 
drift  left  by  the  glaciers  which  once  covered  the  region.  This  is  of 
68 
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two  types,  a  distinction  l)eing  made  }>etween  till,  })owlder  clay,  or  Imrd- 
pan,  as  it  is  variously  known,  and  the  different  fonns  of  stratified 
drift,  including,  besides  more  or  less  distinctly  stratified  ji^mvel  and 
sand,  large  amounts  of  bedded  ela}'  or  rock  flour.  The  till  is  a  nearly 
universal  deposit.  It  attains  its  greatest  average  thickness  on  the 
upland  sui*faces,  and  its  maximum  thickness  in  the  rounded  bills 
known  as  drumlins  and  in  momines  left  by  the  ice  sheet  which  once 
covered  the  region.  In  the  valleys  and  over  the  lowland  generally 
the  till  is  to  a  large  extent  covered  and  concealed  by  the  stratified 
drift.  Except  in  moraines,  the  till  is  prevailingly  well  compacted,  a 
true  hardpan,  and  contains  enough  clay  and  rock  flour  to  make  it 
essentially  impervious.  Hence,  save  where  it  contains  layers  of  gravel 
or  sand,  it  must  be  reckoned  as  an  unrelia}>le  water  horizon  as  far  as 
large  volumes  are  concerned,  but  it  is  nevertheless  the  source  of  sup- 
ply of  thousands  of  small  wells  used  for  domestic  and  farm  purposes. 
Its  chief  function,  however,  is  to  impound  and  to  control  or  direct  the 
movement  of  the  water  of  overlying  sands  and  gravels. 

Of  the  stratified  drift,  the  coarser  phases,  including  the  gravel  and 
sand  and  much  of  the  rock  flour,  are  confined  chiefly  to  the  valleys  and 
to  the  lower  portions  of  the  surface,  occurring  largely  as  overwash 
and  delta  plains,  formed  by  glacial  streams. 

WATER  8UPPT^TKS. 

AREAS  CONSIDERED. 

The  drift  is  by  far  the  most  important  and  reliable  source  of 
underground  waters,  and  this  fact  makes  the  tracing  and  detailed 
mapping  of  these  deposits  a  matter  of  special  interest.  The  principal 
areas  only  may  be  mentioned  here.  These  are  the  Berkshire  Valley; 
the  valleys  of  the  Connecticut  and  its  principal  tributaries,  where  the 
flood  plains  and  terraces  have  their  chief  development;  the  Nashua 
Valley,  with  the  delta  plains,  etc.,  of  glacial  Lake  Nashua;  the  Mer- 
rimac  Valley,  with  widespread  delta  and  overwash  plains;  the  Boston 
basin,  with  the  delta  plains  formed  at  many  different  levels  in  the 
series  of  glacial  lakes  once  existing  there;  the  overwash  and  other 
plains  of  the  Blackstone  Valley  and  the  basin  of  Narragansett  Ba}'; 
the  widely -extended  plains  of  varied  origin  in  southeastern  Massa- 
chusetts and  on  Cape  Cod  north  of  the  inner  moraine;  the  overwash 
or  apron  plains  of  the  innei*  moraine  on  Cape  (-od,  east  of  Woods 
Hole;  and  the  similar  plains  of  the  outer  moraine,  on  the  south  sides 
of  Marthas  Vinevard  and  Nantucket. 

The  Pleisto<*ene  or  glacial  claj's  are  normally  composed  in  large 
part  of  rock  flour;  but  in  si)ite  of  this  fact  they  must  be  regarded  as 
practically'  impervious  and  of  no  interest  as  availu])le  sources  of 
underground  water,  ranking  even  below  the  till  in  this  respect.     It  is 
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fortunate,  therefore,  that  the  glacial  clays  have  deen  deposited  at  rela- 
tively low  levels  and  in  the  coastal  areas,  mainly  below  sea  level. 
Water  is  occasionally  obtained  from  sand  or  gravel  underl^^ng  the 
clays,  in  which  case  it  may  have  considerable  head. 

BERKSHIRE   VALLEY. 

This  is  an  area  of  complexly  folded  and  faulted  sedimentarj^  forma- 
tions, mostly  of  early  Paleozoic  age,  including  in  succession  a  basal 
Cambrian  quartzite  outcropping  along  the  east  side  of  the  valley,  the 
great  crystalline  Cambro-Ordovician  limestone  forming  the  floor  of 
the  valley  at  most  points,  and  the  metamorphic  slates  and  schists  of 
the  Grey  lock  and  Taconic  ranges.  Although  the  quartzite  is  in  part, 
of  a  distinctly  friable  and  permeable  character,  as  is  so  well  shown 
where  it  is  quarried  as  a  glass  sand,  and  is,  therefore,  entitled  locally 
to  some  consideration  as  a  water  horizon;  the  topographic  relations 
of  the  limestone  to  the  valley,  regardless  of  other  considerations, 
determine  it  as  the  chief  bed-rock  source  of  water.  Its  crystalline 
texture  makes  the  limestone  practically  impervious  and  limits  its 
water-bearing  capacity  to  joints  and  fault  fissures,  which,  however, 
may  be  appreciably  widened  by  solution.  The  structure  is  not  very 
favorable  to  artesian  flows,  except  perhaps  very  locally..  Though 
somewhat  uncertain  in  its  occurrence  water  is  usually  found  in  the 
deeper  wells.  It  is  possible  that  borings  through  the  limestone  at  cer- 
tain points  might  develop  artesian  sources  in  the  underlying  quartzite. 
The  rock  waters  of  the  Berkshire  Valley  are,  in  general,  distinguished 
by  their  hard  or  calcareous  character,  and  considerations  of  quantity 
and  quality  combine  to  make  them  relatively  unimportant 

The  drift  of  the  Berkshire  region  is  chiefly  till,  and  the  stratified 
drift  is  mainly  confined  to  the  bottom^  of  the  valleys,  being  most 
abundant,  as  a  rule,  where  the  valleys  are  broadest,  as  in  the  latitude 
of  Williamstown  and  North  Adams,  at  elevations  below  860  feet;  of 
Pittsfield  and  Richmond,  mainly  below  1,000  feet;  and  of  Lenox  and 
Lee,  where  existed  glacial  Lake  Housatonic  at  an  elevation  of  about 
1,000  feet.  South  of  Great  Barrington  the  stratified  drift,  with  a  nor- 
mal elevation  of  700  feet,  and  a  breadth  varying  from  1  to  2  miles,  is 
continuous  to  the  State  line  and  beyond.  The  topographic  relations  of 
these  deposits  insures  to  them  not  only  the  precipitation  belonging  to 
their  areas,  but  also  a  large  part  of  the  rainfall  on  the  bordering 
slopes  of  till,  and  since  their  own  contours  determine  a  shallow  water 
table,  it  follows  that  they  must  be  regarded  as  very  important  and 
readily  available  reservoirs  of  the  ground  water.  As  in  other  lime- 
stone regions,  the  drift  is  more  or  less  calcareous,  as  is  evidenced  at 
times  by  its  local  cementation,  but  rarel}^  to  such  a  degree  as  to  make 
the  water  sensibly  hard. 
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CONNECTICUT  VALLEY. 

The  great  thickness  in  this  valley  of  arenaceous  strata,  characterized 
throughout  by  moderate  monoclinal  dips,  is  very  suggestive  of  artesian 
conditions.  It  does  not  appear,  however,  that  this  can  fairly  be 
described  as  an  artesian  basin,  although  in  many  wells  the  water  rises 
nearly  to  the  surface  and  occ^isionally  flows.  The  best  wells  are  in  the 
sandstone  areas.  In  the  conglomerate  or  arkose  areas  even  the  deep 
wells  sometimes  fail  to  obtain  water.  The  waters  are  always  hard, 
especially  in  the  shales,  and  it  is  frequently  impossible  to  use  them  in 
boilers. 

The  drift  of  this  great  valley,  as  previously  noted,  is  chiefly  stratified, 
the  unmodified  drift  or  till  being  almost  entirel)"  restricted  to  the 
lenticular  hills  or  drumlins,  of  which  there  are  several  notable  groups; 
and  the  modified  or  stratified  drift,  occurring  in  the  forms  of  lake 
beds,  deltas,  teri'aces,  and  flood  plains,  attains  in  places,  and  especially 
in  the  axis  of  the  valley,  a  considerable  thickness.  In  fact  it  is  one  of 
the  principal  storage  reservoirs  of  New  England,  a  large  majority  of 
the  successful  wells,  as  well,  probably,  as  most  of  the  springs,  deriving 
their  water  from  it.  Over  a  large  part  of  the  valley,  and  especially 
on  the  low-lying  plains  as  distinguished  from  the  terraces,  the  water 
table  is  near  the  surface,  and  shallow  wells  afford  an  unfailing  supply. 
The  drift  waters  are  nearly  always  soft. 


EASTERN  AND  WESTERN   HIGHLANDS. 

The  western  highlands  include  the  elevated  hilly  region  between  the 
Berkshire  Hills  and  the  Connecticut  Valley  belt,  while  the  eastern 
highlands  embrace  the  similar  but  less  hilly  region  to  the  east  of  that 
valley. 

The  two  regions  are  alike  in  having  igneous  and  metamorphic  bed 
rock,  thinly  covered  with  till  on  the  uplands.  The  modified  drift  is 
confined  chiefly  to  the  valleys  and  is  naturally  most  abundant  in  the 
broader  valleys  of  the  eastern  highlands.  This  is,  as  usual,  the  chief 
and  most  available  source  of  the  ground  water;  and  it  is  partly  for 
this  reason  that  we  find  the  population  massed  upon  it,  the  till  of  the 
uplands,  as  a  rule,  supporting  only  a  sparse  farming  population. 
During  the  recession  of  the  ice  sheet  the  conditions  favored  the 
development  of  temporary  glacial  lakes  in  the  valleys,  especially  of 
the  eastern  highlands,  and  at  all  elevations  up  to  1,000  feet  or  more; 
and  thus  may  bie  explained  bodies  of  modified  drift  of  exceptional 
volume  and  depth,  lying  sometimes  at  such  elevations  as  to  make  them 
important  storage  reservoirs  for  ground  water. 

Although  everywhere  relatively  superficial,  the  ground  water  is 
naturally  pure  and  soft,  and  u  study  of  the  topographic  map  shows 
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relatively  little  obstructed  drainage  with  consequent  swampy  condi- 
tions and  peaty  waters.  On  the  other  hand,  the  frequently  dense 
village  populations  on  the  narrow  and  shallow  valley  deposit*i  of  sand 
and  gravel  present  conditions  especially  favorable  to  contamination  of 
the  ground  water  and  suggest  the  introduction  of  a  public  supply  from 
similar  deposits  farther  up  the  valley,  or  from  the  surface  streams  or 
ponds  of  the  uplands.  The  till  of  the  uplands,  derived  from  meta- 
morphic  and  highly  quartzose  formations,  is  doubtless  of  an  excep- 
tionally arenaceous  and  porous  texture,  and  this  feature,  supplemented 
by  occasional  interbedded  and  superficial  layers  of  washed  materiaU 
will  readily  account  for  the  water  supply,  often  copious  and  excellent, 
of  the  farms. 

NASHUA    VALLEY. 

This  valley  is  excavated  along  a  belt  of  altered  slaty  rocks  in  north- 
east Massachusetts.  It  is  a  relatively  limited  and  simple  tract,  h'ing 
in  the  valley  of  the  northward  draining  Nashua  River,  and  hence  pre- 
senting exceptionally  favorable  conditions  for  the  development  of 
glacial-lake  phenomena,  including  broad  and  deep  deltas  or  sand  plains. 
These  occur  at  various  levels,  but  are  rather  limited  in  extent  above 
440  feet,  and  have  their  chief  development  below  370  feet.  Above 
the  lake  levels  stratified  gravels  and  sands  occur  but  scantily,  and  the 
till  or  hardpan,  derived  largely  from  slaty  rocks,  is  of  a  relatively 
argillaceous  and  impervious  character. 

Bed-rock  wells,  whether  sunk  in  the  slaty  rocks  or  in  the  bordering 
schist  and  granite,  must  in  general  be  of  little  value,  and,  as  on  the 
highlands,  artesian  conditions  do  not  exist  except  perhaps  very  locally, 
where  the  rocks  are  traversed  bv  favorable  fissures. 

COASTAL    LOWLANDS. 

In  densit}^  of  population  and  consequent  demand  for  water  this  area 
leads  all  tlie  rest.  But  the  concentration  of  the  population  in  cities 
necessitates  the  extensive  utilization  of  surface  waters,  while  the 
ground  waters  have  been  found  available  chiefly  for  the  smaller  com- 
munities and  private  interests.  This  is  a  region  of  crystalline,  igneous, 
and  metamorphic  rocks,  with  the  exception  of  the  sedimentary  de|X)s- 
its,  chiefly  conglomerates  and  slates  of  Carboniferous  age,  of  the  Bos- 
ton, Norfolk,  and  Nari*agansett  basins.  Deep  rock  wells  are  more 
common  in  this  region,  especially  in  the  vicinity  of  Boston,  than  in 
any  other  part  of  New  England.  On  the  crystalline  formations  the 
proportion  of  decidedly  successful  wells  is  not  large,  and  the  result 
of  a  boring  can  not  be  predicated.  In  the  Carboniferous  slaters,  as 
proved  by  numerous  examples  in  Boston,  Cambridge,  etc.,  there 
are  very  few  successful  wells,  the  water  being  almost  invariably  infe- 
rior in  both  quality  and  quantity.     In  the  conglomerate  series  are 
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many  good  wells  and  comparatively  few  failures.  In  no  case,  prob- 
ably, are  the  rock  watei*s  yielded  chiefly  by  interstitial  flow;  the  good 
wells  are  those  that  intersect  favorable  systems  of  joints  and  other 
fissures,  and  in  this  connection  it  may  be  noted  that  the  joint  structure 
of  the  conglomerate  is  exceptionally  distinct  and  open. 

This  is  a  region  of  abundant  drift  deposits.  The  stratified  drift, 
including  sand  and  gravel  which  is  largely  referable  to  glacial  lakes 
or  local  apron  plains,  is  widespread  and,  as  usual,  is  the  principal 
source  of  the  ground  water,  supplying  even  some  of  the  larger  cities, 
such  as  Lowell  and  Providence.  These  deposits,  as  previously  noted, 
l)ccome  more  continuous  southward  in  the  region  of  Narragansett  Bay 
and  Cape  Cod  Bay,  and  attain,  no  doubt,  a  considerable  thickness. 
They  may  be  regarded  as  a  vast  and  pra<^»tically  inexhaustible  reser- 
voir of  water,  which,  with  a  uniformly  shallow  water  table,  is  readily 
av^ailable  by  pimiping  and  far  exceeds  in  quantity  the  demands  of  the 
l)resent  population.  These  statements  may  be  repeated  for  the  great 
apron  plains  south  of  the  terminal  momine,  on  the  south  side  of  Cape 
Cod,  and  on  Marthas  Vineyard  and  Nantucket. 

NORMAL  CHLORINE. 

The  normal  chlorine,  or  maximum  proportion  of  chlorine  (present 
as  common  salt  or  sodium  chloride)  which  may  exist  in  an  uncon- 
taminated  water,  usually  varies  inversely  as  the  distance  from  the  sea, 
the  range  for  Massachusetts  being  from  2.42  parts  per  100,000  at 
Provincetown  and  2.16  parts  on  Nantucket  to  0.06  parts  in  Berkshire 
County.  The  normal  chlorine  not  only  depends  upon  the  proximity  to 
the  coast,  but  it  is  highest  on  the  salient  and  most  exposed  parts 
of  the  coast,  where  the  surf  breaks  heavily  and  the  salt  spray  is 
wafted  inland  most  freely.  Higher  amounts  than  those  indicated  are 
due  either  to  peculiarities  of  the  rocks  or  drift  from  which  the  water 
comes  or  to  pollution  by  sewage.  In  New  England  it  is  commonl}" 
the  latter  which  gives  rise  to  high  chlorine,  and  waters  containing  this 
constituent  in  amounts  distinctly  above  the  normal  should  be  avoided 
for  domestic  purposes. 

MINERAL  SPRINGS. 
MASSACHUSETTS. 

Massachusetts  has  the  distinction  of  possessing  a  larger  number  of 
springs  from  which  waters  are  shipped  than  any  other  State  in  the  coun- 
try.  In  1902  there  were  75  such  springs  that  reported  shipments,  the 
next  largest  number  being  56,  in  New  York.  One  reason  for  the 
large  number  of  springs  reporting  sales  lies  in  the  fact  that  many  of 
them  are  located  near  cities  in  which  the  demand  for  spring  waters  for 
table  purposes  is  very  large.     The  total  sales  in  the  year  mentioned 
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amounted  to  8,475,365  ^llons,  having  a  value  of  ^62,1)73.    Following 
is  a  list  of  the  springs  reporting:^ 

Abbotti)  Spring,  Methuen,  Essex  County. 

Arctic  Polar  Spring,  Spencer,  Worcester  County. 

Ballardvale  Lithia  Spring,  Andover,  Essex  County. 

Beach  Hill  Spring,  Stoneham,  Middl«3ex  County. 

Beaver  Dam  Spring,  Scituate,  Plymouth  County. 

Belmont  Crystal  Spring,  Belmont,  Middlesi'x  County. 

Belmont  Hill  Spring,  Everett,  Middlesex  County.' 

Belmont  Natural  Spring,  Belmont,  Middlei^x  County. 

Berkshire  Crystal  Spring,  SheflSeld,  Berkshire  County. 

Berkshire  Sodium  Spring,  SheflSeld,  Berkshire  County. 

Bod  well  Spring,  Lawrence,  Es.*«x  County. 

Burnham  Spring,  Methuen,  Essex  County. 

Chapman's  Crystal  Mineral  Spring,  Stoneham,  Middlesex  County. 

Crystal  Mineral  Spring,  Methune,  Essex  County. 

Crystal  Spring,  Brockton,  Plymouth  County. 

Deep  Rock  Spring,  Lynn  field  Center,  Suffolk  County. 

Diamond  Spring,  Lawrence,  ^>«ex  (/ounty. 

El-azhar  (formerly  Sheep  Rock)  Spring,  Lowell,  Middlesex  County. 

Electric  Spring,  Lynn,  Essex  County. 

Everett  Crystal  Spring,  Everett,  Middlesex  County. 

Farrington's  Silver  Spring,  Milton,  Norfolk  County. 

Fulton  Natural  Spring,  Medford,  Middlesex  County. 

Garfield  Spring,  Weymouth,  Norfolk  County. 

Geddes  Mineral  Spring,  Marlboro,  Middlesex  County. 

Goulding  Spring,  Whitman,  Plymouth  County. 

Highland  Spring,  North  Abington,  Plymouth  County. 

Howe  Spring,  Millbury,  Worcester  County. 

Howland  Spring,  Dartmouth,  Bristol  County. 

Hygeia  Artesian  Well,  Springfield,  Hampden  County. 

Ingersoll  Grove  Spring,  Springfield,  Hampden  County. 

Katahdin  Spring,  Lexington,  Middlesex  County. 

King  Philip  Spring,  Mattaix)i8ett,  Plymouth  County. 

Lilkoo  Indian  Crystal  Spring,  Lawrence,  Essex  County. 

Lang  Moore  Spring,  Natick,  Middlesex  County. 

Larchmont  Spring,  Lexington,  Middlesex  County. 

Leland  Spring,  Natic,  Middlesex  County. 

Lexington  Spring,  Lexington,  Middlesex  County. 

Linden  Mineral  Spring,  Linden,  Middlesex  County 

I^)vers'  I.<eap  Springs,  Lynn,  Essex  County. 

Magnolia  Spring.  (Jloucester,  Essex  (bounty. 

Massasoit  Spring,  West  Springfield,  Hamixien  County. 

Middlesex  Mountain  Spring,  Medford,  Middlesex  County. 

Milton  Spring,  Milton,  Norfolk  County. 

Monatiquot  Spring,  South  Braintree,  Norfolk  County. 

Moose  Hill  Spring,  Swampscott,  Essex  County. 

Mount  Blue  Spring,  Hingham  Center,  Plymouth  County. 

Mount  Holyoke  Lithia  Spring,  South  Hadley,  Hampshire  County. 

Mount  Orient  Spring,  Pelham,  Hampshire  County. 

Mount  Pleasant  Spring,  Lowell,  Middlesex  County. 

a  Pealf,  A.  C,  Mineral  watt'rn  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  9«i. 
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Mount  Washington  Cold  Spring,  Chelsea,  Suffolk  County. 

My  It's  Stand  inh  Spring,  South  Dux  bury,  Plymouth  County. 

Xanhoha  Minerel  Spring,  Westford,  Middlcst'X  County. 

Neniaskot  Springs,  Middleboro,  Plymouth  County. 

Notaxjt  Mountain  Spring,  Framingham,  Middlesex  County. 

NorwocKl  Spring,  Norwood,  Norfolk  County. 

Peari  Hill  Mineral  Spring,  Fitchburg,  Worcester  County. 

Pepperell  Mineral  Spring,  Pepperell,  MiddleK»x  County. 

Pequot  Spring,  North  Natic,  Middlenex  County. 

Purity  Spring,  Sjiencer,  Wor«»ster  ("ounty. 

Ravenwood  Spring,  Gloucester,  Essex  County. 

Robbings  Spring,  Arlington  Heights,  Middlesex  County. 

Sager  Spring,  Danvers,  Essex  County. 

Sand  Spring,  Williamstown,  Berkshire  County. 

Shawmut  Spring,  West  Quincy,  Norfolk  County. 

Silver  Seal  Spring,  Wobum,  Middlesex  County. 

Simpson  Spring,  South  Easton,  Bristol  County. 

Smiley  Spring,  Haverhill,  Essex  C'ounty. 

St*»avens'8  Spring,  I-awrenco,  Essex  County. 

Sunnyside  Spring,  Franklin,  Norfolk  County. 

Swami)scott  Spring,  Swampscott,  Essex  County. 

Trapelo  Spring,  Belmont,  Middlesex  County. 

irndine  Crystal  Spring,  Brighton,   Suffolk  County. 

Valpey  Spring,  Woodland,  Lawrence,  Essex  County. 

Wliitman  Spring,  Whitman,  Plymouth  County. 

Wilbraham  Mountain  Spring,  Wilbraham,  Hampden  County. 

BHODG  ISLAND. 

The  number  of  springs  reporting  sales  in  1902  in  this  State  is  four. 
Thev  are  as  follows: 

Berry  Spring,  Pawtucket,  Providence  County. 

Gladstone  Spring,  Narragansett  Pier,  Washington  County. 

Holly  Mineral  Spring,  Woonsocket,  Providence  County. 

Ochee  Mineral  and  Medicinal  Springs,  Johnston,  Providence  County. 

The  total  sales  reported  amount  to  244,212  gallons,  having  a  value 

of  $26,588.« 
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CONNECTICUT. 


By  H.  E.  Gregory. 


A  study  of  the  water  resources  of  Connecticut,  based  on  a  large 
number  of  records  of  wells  and  springs,  shows  that  next  to  rainfall 
the  nature  of  the  rocks:  or  deposits  is  the  factor  of  greatest  importance. 
In  fact  the  character  and  availability  of  the  water  supply  are  directly 
dependent  upon  two  geologic  factors— the  composition  of  the  rock  or 
other  material,  and  the  number  of  fault  or  joint  fissures  it  may  possess. 

hatstaIjTj. 

The  annual  rainfall  in  Connecticut  is  46.89  inches.  This  is  distrib- 
uted throughout  the  year  as  follows:  January,  4.28;  February,  3.94; 
March,  4.23;  April,  3.53;  May,  4.03;  June,  2.95;  July,  4.42;  August, 
4.30;  September,  3.34;  October,  4.04;  November,  4.48;  December, 
3.44.  This  is  suflScient,  when  taken  in  connection  with  small  evapora- 
tion, to  form  a  constant  supply  for  the  streams  of  the  State,  which 
carry  oflF  about  40  per  cent  of  the  water  that  falls,  and  to  furnish 
abundant  ground  water.  So  that,  so  far  as  Connecticut  is  concerned, 
the  available  water  supply  depends  on  the  capacity  of  the  rock  and 
the  surface  cover  of  land  waste  to  hold  the  water. 

GEOIX)GY  AND  WATER  SUPPIiY. 

Geologic  mihdiviMoiiJi. — As  to  the  characteristics  of  rock  structure 
which  aflfect  underground  water,  Connecticut  is  divided  into  three  parts: 
The  limestone  (Stockbridge  dolomite)  area  of  the  upper  Housatonie 
Valley,  the  Triassic  sandstone  area  of  the  Connecticut  Valley  lowland, 
and  the  crystalline  area  of  metamorphic  rocks  occupying  the  remainder 
of  the  State.  A  small  area  in  the  valley  of  Pomperaug  River  has  the 
same  characteristics  as  the  Connecticut  Valley  lowland.  The  map, 
fig.  17,  shows  the  distribution  of  the  different  classes  of  roc^k. 

Limestone  area. — The  parts  of  the  State  underlain  by  the  limestone 
are  not  densely  populated.  They  contain  no  large  cities,  and  the  chief 
pursuits  are  dairying  and  mixed  farming.  The  limestone  rock  varies 
gi'eatly  m  its  water-bearing  capacity,  and  wells  have  usually  to  be 
sunk  to  a  considerable  depth  before  a  supply  is  assured.  Of  nine  wells 
riielected  as  typical,  four  are  over  150  feet  in  depth  (155,  171,  182,  210 
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feet,  respectively),  and  only  one  is  less  than  5(1  feet.  When  wells  are 
sunk  this  deep  the  supply  is  plentiful  and  docs  not  vary  with  the 
seasons.  The  water  is  hard,  containing  calcium,  magnesium,  and 
iron.  The  springs  issuing  from  rock  in  the  limestone  area  show 
abundant,  constant  flow  and  low  temperature.  In  one  case  an  invari- 
able temperature  of  15  degrees  is  reported. 

Triaesic  sandstone  area. — The  bed  rock  of  the  Connecticut  Valley 
lowland  is  sandstone  with  interbedded  basalts  and  intruded  diabases. 
The  sandstone  varies  in  texture  from  coarse  conglomerate  to  fine  clay 
shales  and  is  sufficiently  porous  to  hold  20  to  3()  percent  of  its  volume 
of  water.  For  this  area  it  seems  to  be  true  that  the  deeper  tbe  well 
the  more  abundant  the  water  supply  down  to  alK>ut  500  feet,  and  that 


rio.  IT.— Amji  of  llmcslone.  uDdnliine.  *nd  cr>'BlalJlnp  rwk  water  sup|illvH  of  Cuiinci'lii-iit. 

there  are  no  distinct  water-bearing  beds.  Wells  arc  all  deep,  averag- 
ing for  the  whole  area  over  100  feet.  One  well  at  New  Haven  was 
sunk  to  a  depth  of  4,000  feet  by  the  Winchester  Arms  Company  in  an 
unsuccessful  effort  to  obtain  a  flowing  well.  The  conditions  for 
art^-mn  water  are  better  in  the  Triassic  rocks  than  elsewhere  in  Con- 
necticut, but  are  very  unfavorable.  While  it  is  true  that  the  sandstones 
contain  abundant  water,  yet  their  composition,  texture,  and  position 
are  extremely  irregular.  They  are  not  arranged  in  definite  series,  and 
they  have  been  .shattered  by  the  forces  which  produced  the  faults  in 
the  valley.  There  is,  therefore,  no  continuity  of  stratification  and 
DO  arrangement  of  water-bearing  beds  favorable  for  artesian  wells. 
The  practice  among  well  drillers  in  Triassic  rock  is  to  sink  the  well 
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20  to  50  feet  below  the  first  suppiy  of  water,  so  as  to  have  a  reservoir 
below.  Most  of  the  deep-drilled  wells  afford  a  constant  supply,  but 
two  wells  show  a  decrease  and  five  an  increase  since  they  were  made. 
The  cost  of  60  selected  wells  averages  $280.80,  and  the  cost  of  pump- 
ing apparatus  $240.20.  More  than  half  of  the  wells  in  sandstone 
supply  hard  water.  Springs  in  the  sandstone  area  that  are  known 
to  issue  from  rock  come  up  along  deep-seated  cracks  and  are  much 
colder  than  the  springs  formed  in  glacial  materials. 

The  Triassic  area,  although  it  constitutes  one-fifth  of  the  State, 
contains  one-third  of  the  population  and  the  most  productive  farms 
(averaging  $20  per  acre  in  annual  value  of  crops),  as  well  as  the 
largest  cities.  It  is  the  tobacco  center,  the  manufacturing  center,  and 
the  railroad  center  of  the  State,  and  is  steadily  increasing  in  popula- 
tion. The  water  supply  is  the  best  in  the  Stat^,  but  because  of  the 
growing  population  it  is  becoming  an  important  economic  pro}>lem. 
At  present  the  large  cities  are  supplied  by  lakes  and  other  surfsu^e 
waters,  in  some  cases  brought  from  considerable  distances.  These 
supplies  are  not  inexhaustible  and  studies  of  other  sources  arc  being 
made.  The  very  marked  difference  in  character  and  density  of  |)opu- 
lation  in  the  Connecticut  Valley  lowland  and  the  crystalline  highland 
is  due  partly  to  the  conditions  which  control  the  water  supply. 

Crystalline  area, — As  shown  on  the  map  the  area  underlain  bj'  met- 
amorphic  crystalline  rocks  constitutes  a  large  portion  of  the  State. 
These  rocks  are  remarkably  variable  in  texture,  arc  folded,  twisted, 
broken,  and  cut  by  ancient  intrusions  and  veins,  and  do  not  furnish 
favorable  water-bearing  conditions.  Moreover  the  run-off  constitutes 
a  larger  part  of  the  rainfall  than  in  the  sandstone  or  limestone  areas. 
The  wells  for  which  records  are  collected  in  the  crystalline  rocks  (gneiss, 
mica-schist,  etc.)  average  125.8  feet  in  depth,  and  the  principal  water 
horizon  lies  107  feet  below  the  surface.  Some  of  the  deepest  wells 
show  no  water  below  the  first  water  horizon.  Of  34  typical  wells,  25 
contain  hard  water,  2  show  sulphur  traces,  4  iron.  The  average  cost 
of  drilling  these  wells  is  $678  and  of  the  pumping  apparatus,  $162. 
Some  wells  have  been  sunk  in  the  crvstallinc  area  which  have  resulted 
in  complete  failure  after  the  expenditure  of  thousands  of  dollars.  The 
conditions  governing  the  flow  of  underground  water  ia  mctamorphic 
rocks  are  not  well  understood,  and  it  is  hoped  that  arrangements  can 
be  made  to  investigate  the  water  resources  of  this  area,  esj^ecially  along 
the  coast  line,  where  the  summer  population  is  increasing  3'early. 

Springs  in  the  crystalline  area  known  to  issue  from  rock  are  fairly 
abundant  and  yield  an  unfailing  supply.  Nearly  all  of  those  which 
have  been  examined  are  located  along  linos  of  faulting  and,  judging 
from  their  constant  low  temperature,  come  from  considerable  depth. 

With  the  exception  of  the  valleys  possessing  water  power,  the  crys- 
talline area  is  given  over  to  mixed  farming,  and  the  population  is 
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scattered  and  in  many  placen  is  decreasing.  The  State  of  Connecticut 
ha8  added  162,0(X)  to  its  population  in  the  la»t  ten  years,  yet  during 
that  time  55  townships  located  on  the  crystallines  have  decreased  in 
population.  One  whole  count^'^  (Tolland)  showed  a  net  decrease  of 
about  1,400  between  the  years  1890  and  1900.  The  value  of  farm 
products  on  the  crystalline  uplands  has  increased  somewhat  during 
the  past  decade,  yet  it  barely  exceeds  $10  per  acre,  and  the  proportion 
of  improved  land  to  total  area  is  less  than  10  per  cent 

Faults, — Connecticut  is  traversed  by  sets  of  fault  planes  running  in 
three  or  four  principal  directions.  The  breaks  have  produced  pro- 
found effects  on  the  topography  and  exert  a  marked  influence  on  the 
water  resources.  They  control  in  part  the  direction  of  Connecticut 
rivers  and  are  the  chief  cause  for  the  nr-any  deep,  cold  springs  of  the 
State,  and  especially  of  the  mineral  springs  used  for  table  waters. 
The  springs  near  South  Britain,  those  which  supply  water  to  the  vil- 
lage of  Collinsville,  and  the  Stafford  springs  are  examples  of  those 
which  arc  believed  to  owe  their  origin  to  deep-seated  fault  cracks. 
Springs  from  such  deep  sources  form  valuable  water  supplies  and  a 
study  is  being  made  of  their  distribution  and  chai'acter  and  of  means 
for  their  fuller  utilization. 

Waiter  supply  of  the  drift. — The  entire  State  of  Connecticut  has 
been  overridden  by  the  ice  of  the  Glacial  ei)och,  and  this  fact  has  greatly 
affected  the  water  supply.  The  numerous  lakes,  ponds,  swamps,  and 
many  of  the  smaller  streams  owe  their  position  and  their  very  exist- 
ence to  the  continental  ice  sheet.  Of  particular  value  to  man  are  the 
hundreds  of  lakes,  which  constitute  the  principal  water  supply  for 
cities  and  villages.  The  soil  of  Connecticut  also  dates  from  the  Glacial 
epoch,  and  its  character  as  a  water  bearer  is  determined  by  this  circum- 
stance. The  bed  rock  is  covered  nearly  everywhere  by  one  of  two 
kinds  of  glacial  material:  (1)  Till,  which  was  deposited  directly  by  the 
ice,  and  which  is  a  heterogeneous,  unassorted  mass  of  bowlders  of 
different  sizes  embedded  in  clays  of  variable  texture  and  composition; 
(2)  stratified  drift,  which  is  made  up  of  sands,  gravels,  and  clays, 
sorted  as  to  size  and  deposited  in  layers,  and  which  owes  its  structure 
to  the  fact  that  it  was  deposited  by  water. 

The  till  occupies  all  the  highlands  of  the  State,  forming  a  mantle, 
usually  but  a  few  feet  in  thickness,  over  the  crystallines  and  over  the 
trap  ridges  of  the  Triassic  area.  Wells  in  till  are  usually  shallow, 
rarely  over  50  feet  in  depth,  and  it  is  the  practice  to  sink  them  but 
a  few  feet  below  the  principal  water  horizon.  Seventeen  wells  are 
reported  as  being  less  than  10  feet  in  depth  and  yet  containing  an 
abundant  supply  of  water.  In  general,  the  wells  of  the  till  area  con- 
tain soft  water,  which  varies  in  amount  with  the  seasons.  During  an 
unusually  dry  summer  the  wells  in  some  sections  dry  out  entirely. 
The  till-covered  crystallines  are  being  occupied  by  hotels,  sanitariums. 
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and  country  estates,  and  the  problem  of  the  increased  water  supply 
for  these  is  becoming  more  and  more  important. 

The  springs  of  the  till  area  furnish  prevailingly  soft  water,  and, 
like  the  wells,  show  their  connection  with  the  rainfall  by  their  varia- 
tion from  year  to  year  and  from  season  to  season.  Except  in  extraor- 
dinary years  the  variation  is  slight,  because  the  Connecticut  rainfall 
is  evenly  distributed  throughout  the  year.  (Rainfall  at  New  Haven: 
Spring,  11.67  inches;  summer,  12.79;  autumn,  11.67;  winter,  11.84.) 

Stratified  drift  forms  the  cover  over  a  large  part  of  the  sandstone 
district,  and  also  occupies  the  valle3^s  in  the  crystallines.  It  varies  in 
depth  from  only  a  few  inches  to  over  500  feet,  and  because  of  its  pre- 
vailingly loose  texture  forms  a  water  reservoir  of  great  capacity.  On 
the  New  Haven  sand  plain  and  in  general  throughout  the  Connecticut 
Valley  lowland,  water  maintains  a  permanent  level  20  to  30  feet  below 
the  surface,  and  the  practice  is  to  sink  the  wells  to  some  distance 
below  this  water  horizon,  so  that  a  reserve  supply  is  always  on  hand. 
Where  large  quantities  of  water  are  required  for  boilers,  manufac- 
tories, swimming  pools,  etc.,  several  wells  are  sunk  in  close  proximity 
and  connected  with  one  pump.  Yale  University  uses  34  such  wells  to 
supply  water  for  the  gymnasium.  The  wells  in  the  stratified  drift, 
for  the  most  part,  furnish  pure  water  and  indicate  an  available  supply 
which  may  be  used  as  the  cities  increase  in  size.  Wells  are  nearly  all 
driven,  and  cost  on  an  average  $348.  The  pumping  apparatus  costs 
on  the  average  $250.  Springs  in  stratified  drift  are  not  numerous, 
and  they  vary  in  size  according  to  the  relative  thickness  and  posi- 
tion of  the  sand  and  clay  layers.  Many  are  wet- weather  ''seeps;" 
others  furnish  suflSclent  supply  for  a  farmhouse;  a  few,  like  the 
Pequabuck  Spring,  near  Bristol,  have  suflScient  water  to  form  a  brook. 

Min^eral  springn. — Fourteen  springs  in  the  State  furnish  water  for 
table  use  and  for  medicinal  purposes.  The  Arethusa  Spring,  at  Sey- 
mour, which  is  perhaps  best  known,  marketed  38,000  gallons  of  water 
in  1902.  Extreme  purity  is  the  chief  characteristic  of  the  springs 
located  along  fault  lines,  although  in  a  few  cases  the  analyses  show 
the  presence  of  lithium,  magnesium  sulphate,  and  other  ingredients 
which  give  them  medicinal  values.  The  pure  and  abundant  spring 
water  is  an  extremely  valuable  commercial  asset  for  the  State. 

The  springs  reporting  sales  in  11)02  are  given  in  the  following  list. 
The  total  output  is  reported  as  307,000  gallons  and  the  value  as 
$194,085. « 

Althea  Sprinp»,  near  Waterbury,  New  Haven  County. 

Arethnsa  Spring:,  Seymour,  New  Haven  County. 

Aspinock  Mineral  Springs,  Putnam  Heightn,  Windham  County. 

('herry  Hill  Spring,  Haiiiden,  New  Haven  C'ounty. 

(iranite  Rock  Spring,  Higganum,  Middlesex  County. 

Live  Oak  Spring,  Meriden,  New  Haven  County. 

apealc,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1W4,  p.  996, 
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Mohican  Spring,  near  Bridgeport,  Fairfield  County. 
Oxfonl  Mineral  Spring,  Oxford,  New  Haven  County. 
Park  Spring,  Willimantic,  Windham  County. 
Puritan  Spring,  Norwich,  New  London  County. 
Stafford  Mineral  Spring,  Stafford  Springs,  Tolland  County. 

Each  year  more  land  of  the  till- covered  uplands,  which  has  proved 
unprofitable  for  farming,  is  being  purchased  for  country  residences 
and  large  estates.  For  these  purposes  an  abundant  supply  of  water 
of  unquestionable  purity  is  indispensable. 

It  is  of  scientific  interest  that  the  Indian  Rock  spring  water  at  New 
Milford  and  also  the  surface  water  at  New  Haven  have  been  shown  to 
be  radio-active. 

With  the  exception  of  the  medicinal  waters  the  Connecticut  supply 
is  used  almost  entirely  for  domestic  and  manufacturing  purposes,  and 
for  these  uses  is  uniformly  good.  Very  rarely  are  wells  or  springs  or 
surface  supplies  unfit  for  domestic  use  and  only  a  few  manufacturers 
report  water  unsuited  for  boilers  or  for  washing  fabrics. 

Stream  supplies, — ^The  larger  rivers  of  the  State  are  not  at  present 
directly  available  as  water  supply  because  the  sewage  and  refuse  from 
manufacturing  establishments  are  emptied  directly  into  them.  They 
thus  stand  as  a  large  unimproved  resource  which  may  be  developed 
whenever  the  demand  for  increased  domestic  water  supply  justifies  the 
expense  of  installing  plants  for  the  purification  of  sewage. 

Irrigation. — Irrigation  is  practiced  to  a  small  extent  in  Connecticut, 
and  wherever  used  the  results  more  than  justif}"  the  expense.  There 
are  but  few  crops  which  have  all  the  water  necessary  for  their  maxi- 
mum yield.  Hay,  in  particular,  needs  abundant  water,  and  is  one  of 
the  most  valuable  crops  of  Connecticut.  There  is  no  doubt  but  that 
the  yield  of  most  field  crops  could  be  greatly  increased  both  in  acreage 
and  amount  per  acre  by  the  use  of  water.  The  valleys  of  the  crystal- 
line uplands  which  are  now  sparsely  settled  are  particularly  adapted 
to  irrigation,  and  it  seems  evident  that  a  more  intelligent  use  of  the 
soil,  the  woodlands,  and  the  water  resources  of  the  State  could  win 
the  unimproved  and  abandoned  lands  to  profitable  agriculture. 
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NEW  YORK. 


By  F.  B.  WEEK8. 


In  the  State  of  New  York,  as  in  other  regions  where  there  is  no 
considerable  variation  in  the  amount  of  rainfall  or  in  the  rate  ot 
evaporation,  the  occurrence  and  character  of  the  underground  waters 
are  very  largely  determined  by  the  topography,  by  the  character  of  the 
soil  and  underlying  rocks,  and  by  the  structural  features  of  the  strata. 

PH  \  SIOGRAPHY. 

The  State  may  be  divided  into  five  distinct  physiographic  provinces, 
viz,  (1)  Adirondack,  (2)  Eastern  (Taconic),  (3)  Catskill,  (4)  Allegheny 
Plateaus,  (5)  Ontario.  The  Adirondack  province  is  the  only  one  lying 
wholly  within  the  State,  the  others  forming  part^  of  larger  topographic 
divisions  which  extend  beyond  its  limits. 

1.  The  Adirondack  province,  second  in  size,  comprises  a  mountain- 
ous area  flanked  on  all  sides  by  a  lower,  hilly  country.  It  is  drained 
by  headwaters  of  streams  flowing  into  St.  Lawrence,  Hudson,  Black, 
and  Mohawk  rivers. 

2.  The  eastern  (Taconic)  province  in  its  northern  part  is  hilly  or 
mountainous,  being  formed  by  the  Taconic  ranges,  which  extend  into 
Vermont  and  Massachusetts,  while  in  its  southern  part  it  becomes 
more  gently  undulating.  It  is  principally  drained  by  short  streams 
flowing  into  the  Hudson. 

3.  The  Catskill  province  is  composed  in  part  of  folded  rocks  of  the 
northern  extension  of  the  eastern  Appalachian  ridges,  and  in  part  of 
horizontal  rocks,  and  on  the  west  merges  into  the  Allegheny  Plateaus 
province.  This  region  has  been  deeply  dissected  by  streams  which 
flow  into  Hudson,  Delaware,  and  Susquehanna  rivers. 

4.  The  Allegheny  Plateaus  province  occupies  one-third  of  the  State, 
comprising  the  area  south  of  the  Ontario  province  from  Lake  Erie  to 
the  Catskills.  It  contains  a  number  of  broad  river  valleys  and  is 
drained  by  streams  that  flow  into  Susquehanna,  Alleghenj',  and  Gene- 
see rivers. 

5.  The  Ontario  province  extends  in  a  rather  narrow  band  around 
Lake  Ontario  from  the  Niagara  to  the  St.  Lawrence  and  is  drained  by 
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short  streams,  some  of  which  form  the  outlets  of  the  so-called  Finger 
lakes. 

The  accompanying  map  (PI.  V)  shows  the  main  drainage  lines  in  the 
State  and  from  these  the  outlines  of  the  several  physiogmphic  prov- 
inces may  be  deduced.  The  distribution  and  lithologic  character  of 
the  several  geologic  systems  represented  in  the  State  have  been  indi- 
cated, except  the  Quaternary.  Those  springs  which  are  of  commer- 
cial value  are  also  noted  on  the  map.  They  include  all  springs  thus 
far  reported  whose  waters  are  sold  or  used  in  connection  with  manu- 
facturing enterprises  or  public  water  supply. 

GEOIX>GY  AND  UNDERGROUND  WATERS. 

The  underground  waters  will  be  discussed  under  the  several  geologic 
divisions. 

Pre-  Camhrum. — ^The  pre-Cambrian  system  is  composed  of  ancient 
crystalline  rocks  and  of  more  or  less  metamorphosed  stratified  rocks 
which  can  not  readily  be  separated  from  them.  Pre-Cambrian  rocks 
form  the  greater  part  of  the  Adirondack  region  and  also  outcrop  in  the 
southeastern  part  of  the  State.  No  distinct  water-bearing  beds  occur 
in  these  rocks,  since  the  most  of  them  are  not  stratified  or  have  been 
so  greatly  compressed  and  folded  that  the  stratification  planes  are  no 
longer  even  approximately  horizontal.  The  ground  water  descends 
along  fracture  planes  and  can  be  obtained  at  various  depths. 

In  the  Adirondacks  there  are  a  great  number  of  springs,  such  as  are 
common  in  mountainous  areas.  They  are  the  sources  of  the  many 
streams  that  drain  the  region.  The  inhabitants  depend  very  largely 
upon  streams  and  springs  for  domestic  and  stock-water  supply.  The 
few  wells  reported  obtain  their  water  from  sands  and  clays  overlying 
the  hard  rocks.  In  the  southeastern  part  of  the  State  the  pre-Cambrian 
system  consists  of  granites,  gneisses,  and  metamorphic  rocks,  com- 
pressed into  folds  which  have  a  northeast-southwest  direction,  and 
which  outcrop  in  New  York,  Orange,  Putnam,  and  Westchester  coun- 
ties. In  Putnam  and  Westchester  counties  several  springs  having  a 
flow  of  100  to  300  gallons  an  hour,  and  many  smaller  springs  are 
reported.  The  water  from  a  few  of  them  is  bottled  and  sold.  Records 
of  deep  wells  up  to  250  feet  have  been  obtained.  The  deep  wells  are 
pumped  by  windmills  or  other  power  and  furnish  from  30  to  250 
iiarrels  a  day.  The  waters  of  these  wells  are  usually  soft.  By  far  the 
greater  number  of  wells  are  dug  or  blasted  in  rock.  These  are  from 
6  to  50  feet  deep,  and  three-fourths  of  them  are  said  to  fail  during 
protracted  droughts.     The  water  is  frequently  reported  as  alkaline. 

Cavihrutn. — The  Cambrian  limestones  and  slates  extend  in  a  long, 
narrow  band  through  Washington  and  Rensselaer  counties  into  Colum- 
bia. These  strata  have  been  greatly  affected  by  folding  and  faulting, 
^rhich,  together  with  the  considerable  variation  in  the  lithologic  char- 
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actcr  of  the  rocks,  frequentl}^  cause  a  marked  diflferencc  in  depth  to 
water  horizons  and  in  the  character  of  the  water  within  short  dis- 
tJinces.  There  are  springs  of  large  flow  in  this  region,  and  the  supply 
of  many  of  them,  which  appears  to  come  from  Quaternary  sands  and 
chiya^  is  probably  largely  derived  from  the  underlying  sti*ata.  At 
Cambridge  and  Shushan,  in  Washington  County,  springs  of  very  largt3 
flow  are  reported.  At  other  localities  springs  are  utilized  to  fill  ice 
ponds  and  also  furnish  water  power  for  small  feed  and  sawmills.  Most 
of  the  wells  in  the  area  are  less  than  100  feet  deep.  Their  waters, 
except  those  in  the  limestone  lenses,  are  soft.  In  the  town  of  Cam- 
bridge, Washington  County,  a  well  drilled  to  a  depth  of  39  feet  fur- 
nishes 150  to  200  gallons  an  hour  and  may  be  considered  an  average 
well  of  the  region. 

The  Cambrian  sandstone  (commonly  known  as  the  Potsdam  sand- 
stone) occurs  on  the  northern  side  of  the  Adirondacks  and  also  in 
detached  areas,  too  small  to  be  shown  on  the  map,  on  the  southeastern 
and  southern  flanks.  It  is  usually  a  compact  sandstone  varying  in 
color  from  light  gray  to  buflF  and  sometimes  reddish-brown.  No  rec- 
ords of  deep  wells  in  these  sandstones  have  been  obtained.  Dug  wells 
20  to  50  feet  deep  furnish  a  sufficient  supply  for  domestic  purposes. 
Small  springs  are  very  abundant,  but  none  of  very  much  economic 
importance  are  known. 

Ordaviclan. — ^The  strata  which  are  called  Ordovician  consist  of  a 
great  thickness  of  limestone  and  shales,  often  intensely  folded  and 
highly  metamorphosed.  They  form  the  surface  rocks  of  the  Mohawk 
Riv^er  Valley,  extending  in  a  northwesterly  direction  from  Albany  to 
Lake  Ontario  along  the  southeastern,  southern,  and  southwestern  sides 
of  the  Adirondack  area.  They  also  occupy  the  greater  part  of  the 
region  east  of  Hudson  River  south  of  Lake  Champlain,  and  south  of 
Kingston  they  extend  in  a  southwesterly  direction  beyond  the  New 
Jersey  line.  They  also  occur  in  a  narrow  strip  along  the  St.  Law- 
rence. Within  these  areas  many  springs  of  considerable  economic 
importjince,  including  a  large  number  of  mineral  springs,  come  to  the 
surface.  '  They  are  particularly  abundant  in  the  valley  of  the  Mohawk, 
and  in  a  number  of  localities  furnish  water  power  and  in  others  supply 
creameries,  railroad  tanks,  etc.  The  celebrated  mineral  waters  of 
Saratoga  Springs  and  vicinity  are  found  in  fractured  zones  of  the 
Trenton  limestone,  where  they  occur  in  a  narrow  belt  extending  for 
several  miles  in  a  northeast-southwest  direction.  The  shale  strata 
form  the  greater  part  of  this  system  and  afford  the  larger  part  of  the 
water  supply. 

Massena  Springs,  in  St.  Lawrence  County,  and  Lebanon  Springs,  in 
C^olumbia  County,  are  old,  well-known  mineral  spring  resorts,  the 
latter  being  the  only  thermal  water  in  the  State. 

In  some  areas,  as  in  southwestern  Montgomery,  in  Albany,  Coluni- 
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bia,  and  other  counties,  wells  yield  from  50  to  200  j^allons  per  minute, 
the  water  l)eing  obtained  in  the  shales  at  depths  of  100  to  500  feet. 
In  some  of  the  wells  the  water  is  hard,  in  others  it  is  soft,  and  in 
msLuy  it  contains  considerable  gas.  These  artesian  areas  are  deter- 
mined by  varying  local  conditions  of  structure  and  rock  composition. 
Wells  that  require  pumping  are  very  abundant,  and  the  depth  to  water 
in  the  solid  ro<*ks  varies  with  the  thickness  of  the  glacial  sands  and 
gravels  which  cover  a  large  part  of  the  Ordovician  strata.  The  water 
of  such  wells  is  usually  abundant,  but  it  is  frequently  impregnated 
with  iron,  sulphur,  and  gas,  which  in  some  instances  renders  it  unlit 
for  drinking. 

Silurian, — The  Silurian  rocks  outcrop  in  a  narrow  band  from  the 
New  Jersey  line  northeastward  to  Kingston  and  northward  to  a  point 
opposite  Albany,  where  the  l)elt  l>ends  to  the  northwest  and  occupies 
much  of  the  Ontario  province.  The  sandstones  that  form  the  lower 
part  of  the  system  extend  along  the  southern  shore  of  Lake  Ontario 
and  on  its  eastern  shore  spread  out  over  a  broad  area  north  of  Oneida 
Lake.  As  the  greater  part  of  this  area  is  covered  with  glacial 
deposits,  the  springs  may  derive  their  waters  wholly  from  these  beds. 
Several  important  mineral  springs  are  found  in  this  region,  notably 
those  of  Oswego,  from  which  water  has  been  sold  since  1870.  The 
wells  that  penetrate  the  sandstones  range  in  depth  from  50  to  126  feet, 
and  furnish  large  supplies  of  water,  which  is  usually  hard. 

South  of  these  sandstones  is  an  area  of  limestone,  in  which  springs 
of  hard  water  are  fairly  abundant.  No  important  mineral  springs 
occur  in  it.  In  Orleans,  Monroe,  and  Wayne  counties  wells  drilled  to 
depths  ranging  from  75  to  125  feet  obtain  supplies  amounting  in  some 
cases  to  150  gallons  per  hour.  This  limestone  area  narrows  eastward 
and  disappears  south  of  Utica. 

The  highest  rocks  of  this  system  are  generally  shales,  and  extend 
from  Niagara  River  eastward  in  a  belt  parallel  to  the  limestones  and 
sandstones.  Nearly  all  the  waters  from  these  shales  contain  mineral 
matter  in  varj^ing  amounts,  and  many  of  them  are  used  for  medic- 
inal purposes.  The  water  of  Oak  Orchard  Springs,  in  Genesee 
County,  is  remarkable  for  its  content  of  free  sulphuric  acid,  which 
is  a  rare  constituent  of  mineral  water.  In  Oneida  Countv  there  are 
a  large  number  of  mineral  springs  and  wells  near  Clinton,  Franklin 
Springs,  Kirkland,  and  Booneville,  from  which  water  is  bottled  and 
sold.  These  waters  come  from  near  the  junction  of  the  sandstones 
and  shales.  One  of  the  deep  wells  in  this  county  is  at  Deansboro. 
This  is  300  feet  in  depth  and  the  water  rises  within  20  feet  of  the  sur- 
face and  is  used  for  cooling  milk.  In  Niagara  County  near  Lockport 
a  well  115  feet  deep  penetrated  the  shales  and  the  water  flows  during 
the  winter  months.  Near  Henrietta,  Monroe  County,  is  a  flowing 
well  65  feet  in  depth,  which  is  said  to  afford  a  large  suppl}^  of  water. 
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The  southern  limit  of  the  Silurian  is  marked  by  a  narrow  band  of 
sandstone  extending  from  Genesee  County  eastward,  and  along  or 
near  the  line  of  contact  there  are  many  springs.  Among  these  are 
mineral  springs  near  Williamsville,  Honeoye  Falls,  Clifton  Springs, 
Chittenango  Springs,  and  Sharon  Springs. 

Devonian. — Rocks  of  this  system  cover  practically  all  the  Allegheny 
Plateaus  and  Catskill  provinces.  It  contains  two  prominent  naiTow 
limestone  bands  and  a  great  thickness  of  shales  and  sandstones.  The 
entire  thickness  of  the  series  has  been  estimated  at  about  3,400  feet. 
The  Silurian  sandstone,  just  described,  is  succeeded  to  the  south  by  a 
prominent  limestone,  which  is  followed  farther  south  by  a  series  of 
shales.  Along  the  contact  of  this  limestone  and  shale  several  impor- 
tant mineral  springs  occur.  Prominent  resorts  and  sanitariums  are 
located  at  Avon,  Richfield  Springs,  and  Cherry  Valley.  Still  farther 
south  are  springs  at  or  near  Penn  Yan,  Dryden,  Watkins,  Slaterville, 
and  Spencer,  their  waters  being  derived  from  the  upper  portion  of 
the  Devonian  sandstones  and  shales. 

In  the  central  and  northern  portions  of  the  Devonian  area  compara- 
tively few  flowing  wells  have  been  reported.  In  Chautauqua,  Catta- 
raugus, and  Allegany  counties  most  of  the  wells  in  rock,  100  to  500 
feet  deep,  flow  and  furnish  up  to  1,000  gallons  an  hour.  Thej^  are 
principally  used  for  domestic  purposes,  creameries,  oil-pumping 
machinery,  and  various  manufacturing  establishments.  Some  of  them 
are  mineralized  and  are  considered  beneficial  in  treating  various  dis- 
eases. In  the  southern  tier  of  counties  east  of  Allegany  County  the 
number  of  flowing  wells  decreases,  but  large  supplies  of  water  are 
obtained  by  pumping.  An  appreciable  amount  of  iron  and  sulphur  is 
found  in  the  waters  of  many  of  the  wells  throughout  the  Devonian 
area. 

Triassic. — The  rocks  of  this  system  are  reddish  sandstone  and 
diabase  and  outcrop  in  Rockland  County.  Water  comes  to  the  surface 
along  the  line  of  contact  of  these  rocks  in  springs  and  seeps.  At  West 
Nyack  and  Bardonia  the  flows  are  estimated  at  100  gallons  an  hour. 
At  Nanuet  and  Orangeburg  are  other  important  springs.  Fair  sup- 
plies of  water  are  obtained  at  Monsey,  Spring  Valley,  and  Orange- 
burg, at  depths  ranging  from  40  to  180  feet.  Most  of  the  wells  in  the 
diabase  or  trap  rock  are  shallow  and  the  supply  materially  diminishes 
in  dry  seasons.  In  the  sandstone  the  supply  is  more  abundant  and 
permanent  and  the  water  is  usually  soft. 

Cretaceous. — The  Cretaceous  beds  underlie  the  Quaternary  drift  at 
no  great  distance  from  the  surface  throughout  the  larger  part  of  cen- 
tml  and  western  Long  Island  and  outcrop  at  a  number  of  points  along 
the  north  shore,  and,  more  rarely,  in  the  hills  of  the  interior.  Flow- 
ing wells  of  excellent  water  have  been  obtained  at  depths  i*anging 
from  100  to  700  feet  below  sea  level. 
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Quaternary. — The  Quaternary  deposits  of  gravel,  sand,  and  clay 
are,  for  the  most  jmrt,  of  glacial  origin  and  cover  the  hard  rocks  to  a 
great  extent.  Their  thickness  in  places  amounts  to  300  feet  or  more. 
Water  permeates  these  unconsolidated  materials  very  readily,  and  it 
is  probable  that  the  amount  of  well  and  spring  water  obtained  from 
these  deposits  equals  or  even  exceeds  that  derived  from  all  other  strata 
in  the  State.  Springs  are  very  abundant  and  some  of  them  have  large 
flows,  which  are  utilized  in  WAny  ways.  Where  not  locally  contami- 
nated they  furnish  water  of  excellent  quality,  which  is  frequently 
used  to  supply  village  and  town  waterworks.  Flowing  wells  are  very 
abundant,  especially  in  the  southern  part  of  the  State,  and  yield  from 
50  to  600  gallons  an  houi*.  Thousands  of  dug  and  driven  wells  through- 
out the  State  derive  their  supplies  from  the  Quaternary  beds. 

The  largest  supplies  from  the  Quaternary  deposits  are  obtained 
from  the  outwash  plains  and  other  deposits  of  Long  Island.  These 
plains  consist  largely  of  sand  or  fine  gravel  and  are  saturated  with 
water  below  a  moderate  depth.  Many  towns  and  cities,  including 
Brooklyn,  obtain  the  whole  or  part  of  their  supplies  from  shallow 
wells  or  springs  that  issue  from  the  sands.  Springs  abound  along 
both  the  north  and  south  shores,  and  are  found  to  a  lesser  extent  in 
the  moraine  in  the  interior.  Water  from  several  of  them  is  placed 
on  the  market. 

PRODUCTION  OF  MIT^^RAIi  WATERS. 

If  it  were  possible  to  estimate  the  amount  and  value  of  the  water 
.supply  it  would  certainly  rank  as  one  of  the  most  important  of 
nature's  products.  During  the  past  twenty  years  statistics  have  been 
obtained  to  show  the  amount  and  value  of  mineral  waters  produced 
and  sold  in  the  United  States.  For  the  year  1902,  in  New  York  State, 
6,609,176  gallons  were  sold,  valued  at  $1,299,037.«  The  bottling  and 
shipping  of  water  for  drinking  purposes  in  large  cities  and  towns  has 
become  a  considerable  industry  in  many  favorably  situated  localities. 
It  is  increasing  very  rapidly,  but  no  statistics  of  amount  or  value  are 
available. 


a  Peale.  A.  C,  Mineral  Resources  U.  S.  for  1902.  U.  8.  Geol.  Survey.  1904,  p.  996. 
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NEW  JERSEY. 


By  G.  N.  Knapp, 


TOPOGRAPHIC  PROVINCES. 

New  Jersey  has  been  divided  into  four  provinces,  or  zones,  on  the 
basis  of  its  physiographic  features.    These  provinces  are  indicated  on 


Fig.  18. — Subdiviaiona  of  New  Jersey  governing  the  appearance  of  underground  water. 

the  accompanying  sketch  map  (fig.  18)  and  are  designated  (Ij  the  Appa- 
lachian, (2)  the  Crystalline  Highlands,  (3)  the  Piedmont,  and  (4)  the 
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Coastal  Plain.*  The  surface  features  of  these  several  provinces,  by 
reason  of  which  they  differ  the  one  from  the  other,  are  in  large  meas- 
ure simply  the  outward  manifestations  of  geologic  characters,  struc- 
tural and  lithologic,  which  are  inherent  in  the  terranesof  the  different 
provinces  and  which  have  found  topographic  expression  through  sub- 
aerial  and  stream  degradation. 

As  might  be  expected  the  underground  or  deep  waters  of  the  State 
sustain  relations  that  differ  in  the  different  provinces  and  that  are 
more  or  less  characteristic  of  them,  flocks  so  different  in  structure 
and  lithologic  character  as  to  give  rise  to  topographic  features  that 
are  as  distinct  and  characteristic  as  are  those  of  the  several  provinces 
might  be  expected  to  profoundly  affect  the  disposition  of  underground 
water.  This  is,  in  fact,  found  to  be  true,  and  this  subdivision  of  the 
State  is  regarded  as  the  one  best  adapted  to  a  general  discussion  of 
the  deep  waters. 

GEOL.OGY  AND    WATKR  HUPPIiY. 

APPALACHIAN   PROVINCE. 

The  Appalachian  province,  or  zone,  is  the  northern  extension  in 
New  Jersey  of  the  great  Appalachian  mountain  system.  It  is  essen- 
tially coincident  with  the  great  Kittatinny  Valley  and  Kittatinny 
Mountain. 

The  rocks  consist  of  limestone,  slates,  conglomerates,  sandstones, 
and  quartzites,  strongly  infolded  in  anticlines  and  synclines  whose 
axes  run  northeast  and  southwest.  These  primary  folds  have  been 
more  or  less  faulted  and  modiiied  b}^  dikes  and  other  late  intrusions. 
The  whole  series  has  been  profoundly  eroded,  plains  of  degradation 
have  been  developed,  truncating  the  old  folds,  and  later  broad,  deep 
valleys  have  been  developed  parallel  to  the  main  axes  of  the  folds.  In 
these  broad  valleys  the  softer  beds,  such  as  limestones  and  shales,  stand 
at  angles  that  range  from  vertical  to  horizontal  and  dip  in  various  direc- 
tions. The  ridges  or  mountains  that  inclose  these  valleys  consist  of 
the  harder  rocks,  viz:  Conglomerates,  quartzites,  slates,  and  sandstones, 
which  rise  more  or  less  abruptly  to  heights  of  1,000  or  1,500  feet  above 
the  valleys.  The  beds  themselves  stand  at  various  angles,  commonly 
approaching  verticality. 

The  various  beds  of  the  Kittatinny  Valley  have  in  large  measure  lost 
through  metamorphism  whatever  porosity  they  may  once  have  had. 
The  sandstones  have  become  quartzites,  more  or  less  dense;  the  con- 
glomerates have  suffered  a  like  modification,  reducing  their  porosity 
to  a  minimum,  and  the  other  rocks  have  undergone  similar  changes, 
tending  to  increase  their  density.  The  rocks  have,  however,  been 
fractured  at  various  times,  so  that  joints  occur  more  or  less  abundantly 


oNew  Jersey  Geol.  Survey  FiiiiU  Report,  Vol.  IV,  Physical  Geography,  1896. 
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throughout  the  beds,  adiuitting  water  to  unknown  depths.  In  the 
limestones  solution  haw  developed  cavities  and  more  or  less  definite 
underground  courses. 

The  rocks  then  of  the  Appalachian  province  arc  relatively  imper- 
vious and  do  not  carry  a  large  volume  of  water.  The  water  that 
j>enetrate8  deeply  does  so  by  virtue  of  secondaiy  stmctures  and  other 
modifications  that  do  not  stand  in  close  relation  to  the  primary  structure. 

Therefore  a  knowledge  of  the  structure,  which  is  regular  enough  to 
l>e  determined  with  considerable  detiniteness,  is  not  of  so  much  service 
in  locating  successful  wells  as  might  be  expected.  The  water  seems 
capricious  in  its  occurrence.  The  data  available,  however,  show  but 
few  deep  wells  in  this  province — too  few  to  ]>e  made  the  basis  of  final 
conclusions,  so  that  the  great  Kittatinny  Valley  has  yet  to  be  thoroughly 
tested  for  its  available  deep  water  supply. 

CRYSTALLINE   HIGHLANDS   PROVINCE. 

The  Crystalline  Highlands,  as  the  name  suggests,  consists  more 
largely  of  crystalline  rocks — granites,  schists,  and  gneisses.  The  great 
structural  lines  of  the  province  run  northeast  and  southwest,  like  those 
of  the  Appalachian  zone,  but  this  region  has  been  subject  to  more  pro- 
found motamorphism  and  the  beds  have  been  repeatedly  broken  and 
faulted  at  widely  separate  time  intervals.  Intrusive  rocks  have  been 
injected  as  dikes  and  masses  at  different  times,  secondary  structures 
have  very  generally  destroyed  or  replaced  the  original  ones,  and  along 
with  this  have  gone  replacement  and  interchange  of  the  mineral  con- 
stituents of  the  rocks. 

In  the  Crystalline  Highlands,  therefore,  the  structure  is  too  com- 
plex and  too  indefinite  to  aid  one  in  a  practical  wa}^  in  predicting  the 
result  of  wells,  and  the  terranes  contain  no  well-defined  porous  beds 
that  in  a  true  sense  can  be  called  water  bearing  in  contradistinction  to 
others.  The  rocks,  however,  as  a  whole,  are  more  generally  per- 
meated by  water  than  in  the  Appalachian  zone,  so  that  wells  put  down 
indiscriminately  give  a  larger  percentage  of  satisfactory  wells  in  the 
former  than  in  the  latter  region.  We  know  from  the  numerous  iron 
mines  scattered  through  the  Highland  region  that  the  permeation  of 
these  old  crystallines  by  water,  while  very  genemi,  is  by  no  means 
uniform;  for  some  mines  encounter  large  volumes  of  water,  greatly 
to  their  detriment,  whereas  others  are  comparatively  dry.  The  rela- 
tion, if  any,  that  exists  between  the  local  rock  structure  or  the  depth 
of  the  mine  and  the  volume  of  water  encountered  is  not  apparent. 

In  the  Highland  province  there  are  some  areas  that  form  notable 
exceptions  to  the  structure  above  outlined;  such,  for  instance,  as  the 
Green  Pond  mountain  belt,  where  the  rocks  and  structure  arc  analo- 
gous to  the  infolding  of  the  Appalachian  zone.  In  these  exceptional 
areas  the  deep  waters  behave  much  as  they  do  in  the  Kittatinny  region. 


96  UNDERGROUND    WATERS,  EASTERN    UNITED   STATES.      [no.  114. 

The  numerous  streanifc^,  as  yet  not  polluted,  afford  an  abundance  of 
excellent  water.  This,  together  with  the  cost  of  drilling  in  such  hard 
rock,  i.  e.,  $5  to  $10  a  foot,  has  heretofore  limited  the  number  of  deep 
wells. 

This  province,  however,  is  being  invaded  by  suburban  homes  and 
country  residences,  and  we  may  expect  that  in  the  near  future  more 
deep  wells  will  be  bored. 

PIEDMONT  PROVINCE. 

The  Piedmont  province  is  essentially  the  area  of  the  Newark  system. 
The  Newark  consists  of  three  series  of  beds  which,  from  base  upward, 
are  the  Stockton,  the  Lockatong,  and  the  Brunswick.  The  Stockton 
consists  of  light-colored  sandstones  and  conglomerates,  more  or  less 
arkose,  interbedded  with  a  few  red  shales.  It  is  the  most  permeable 
series  of  the  Newark  system.  The  Lockatong  consists  chiefly  of  flag- 
stones and  argillites,  and  is  relatively  impervious.  The  Brunswick 
series  consists  chiefly  of  shales,  but  includes  also  many  beds  of  sand- 
stone.    It  is  less  permeable  than  the  Stockton. 

The  Newark  system  is  traversed  by  a  number  of  irregular  faults 
whose  throw  is  nearly  sufficient  to  repeat  the  entire  system  at  each 
successive  fault.  The  prevailing  dip  of  the  beds  is  west  and  north- 
west, but  more  or  less  local  warping  and  tilting  that  accompanied  the 
faulting  gave  the  beds  many  local  variations  in  dip  and  strike.  The 
structure  of  the  Newark  is  further  complicated  by  an  irregular  system 
of  volcanic  intrusive  sheets  and  trap  dikes  that  cut  across  the  bedding 
at  various  angles. 

The  faulting  of  the  Newark  in  a  way  to  repeat  the  succession  is  a 
slight  advantage  in  some  situations,  since  it  makes  the  Stockton  beds 
more  readil}'  available  for  artesian  water  at  some  lociilitios  than  they 
otherwise  would  be,  but  in  other  situations  the  faults  cut  off  the  sup- 
ply entirely,  so  that  the  advantage  in  one  locality  is  in  large  measure 
offset  by  the  disadvantage  in  the  other.  One  familiar  with  the  com- 
plex structure  of  the  Newark  can  forecast  the  chances  of  obtaining 
artesian  water  at  given  points  in  the  Piedmont  province;  but  it  would 
]^e  difficult  for  one  unfamiliar  with  the  structure  to  make  such 
forecasts. 

The  Newark  system  is  thoroughly  out  up  by  two  or  more  systems 
of  deepl}'  penetrating  joints,  whose  planes  are  nearly  vertical  and 
intersect  one  another  at  various  angles.  It  is  thought  that  the  copious 
wells  in  the  Newark  dniw  their  sui)ply  from  these  joints  and  fissures 
more  largely  than  from  the  water  that  penetrates  along  the  true  bed- 
ding planes.  Nearly  one  half  of  the  northern  end  of  the  Piedmont 
province  is,  howev(»r,  mantled  })v  glacial  drift  which  conceals  many 
of   the  minor    details    of    the   Newark    structure.     This  not  infre- 
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quently  entirely  precludes  the  possibility  of  calculating  closely  the 
chances  of  artesian  water  at  certain  points. 

Of  the  three  provinces  thus  far  considered,  the  Piedmont  carries 
vastly  more  deep  water  than  either  of  the  others.  Moreover,  the 
water  is  found  in  rocks  that  are  drilled  with  comparative  ease,  and 
the  chances  of  obtaining  it  can  be  foretold  with  much  definiteness. 
Furthermore,  the  Piedmont  is,  by  virtue  of  its  geographic  position, 
the  most  important  of  the  three,  since  it  includes  what  is  and  what 
always  will  be  the  most  densely  populated  part  of  the  State,  in  which 
the  water  supply  will  always  be  a  paramount  question. 

COASTAL  PLAIN  PROVINCE. 

The  C!oastal  Plain  differs  from  the  three  northern  provinces  in  nearly 
every  essential  feature.  First,  it  includes  an  area  greater  than  the 
combined  area  of  the  other  three  provinces;  second,  as  compared  with 
the  other  provinces  it  is  flat,  there  being  no  mountains  and  the  maxi- 
mum relief  being  less  than  400  feet;  third,  its  structure  is  of  the  sim- 
plest sort,  for  it  consists  of  a  succession  of  beds  lying  one  upon  the 
other  in  a  simple  monocline  that  dips  seaward,  the  uppermost  or  young- 
est l)ed  lying  farthest  southeast,  and  each  successively  older  and  lower 
bed  reaching  a  little  farther  northwest;  fourth,  there  have  been  no 
faults  or  folds  of  suflScient  magnitude  to  appreciably  affect  the  general 
structure;  fifth,  the  beds  are  unconsolidated  sands,  claj's,  marls,  and 
gravels,  and  lie  in  essentially  the  same  position  in  which  they  were 
deposited;  sixth,  the  terranes  have  not  suffered  any  metamorphism 
that  has  appreciably  affected  their  permeability  to  water. 

The  Coastal  Plain  province  falls  into  two  great  geologic  divisions 
or  subprovinces,  viz,  the  Cretaceous  and  the  Tertiary.  The  Cretaceous 
occupies  a  relatively  narrow  belt  that  extends  across  the  State,  while 
the  Tertiary  covers  the  remainder  of  the  province. 

The  Cretaceous  has  three  major  divisions,  which,  reckoned  from 
base  upward,  are  the  Karitan,  the  Clay  Marl  series,  and  the  Marl 
.series.  The  Clay  Marl  series  corresponds  approximately  but  not 
exactly  to  the  ''  Matawan"  of  the  later  nomenclature,  while  the  Marl 
.series  includes  approximately  but  not  exactly  the  Monmouth,  Ran- 
t-ocas, and  Manasquan  of  later  nomenclature. 

The  Raritan,  though  carrying  important  water  beds  at  different 
fitratigraphic  horizons,  does  not  admit  of  subdivision.  The  Clay  Marl 
series,  on  the  other  hand,  is  readily  subdivided  into  five  beds,  the 
lower  two  of  which  are  impervious  marl  and  clay  and  serve  as  a  cover 
to  the  Raritan  water-bearing  sands.  The  stratum  next  above  is  a  sand 
bed,  which  is  100  feet  thick  to  the  northeast,  where  it  is  an  important 
water  horizon;  toward  the  southwest  it  pinches  out  entirely  and  disap- 
pears along  the  strike.     Above  this  is  an  impervious  marl  and  clay, 
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Next  comes  a  sand  bed  100  feet  thick  to  the  southwest,  where  it  is  an 
important  water  horizon.  To  the  northeast  it  becomes  less  important, 
partly  by  reason  of  its  decrease  in  thickness  in  that  direction  and 
partly  by  a  decrease  in  permeability. 

The  Marl  series,  like  the  Clay  Marl  series,  is  readily  subdivided 
into  five  beds,  the  lower  of  which  corresponds  to  the  Lower  Marl, 
approximately  the  '^Navesink."  Above  this  is  the  Red  sand  (Red- 
bank).  Toward  the  northeast  it  is  a  sand  bed  100  feet  thick,  but 
toward  the  southwest  it  pinches  out  and  disappears  along  the  strike. 
Next  above  is  the  lower  portion  of  the  old  Middle  Marl  bed — the  marl 
proper.  It  constitutes  a  part  but  not  all  of  the  Sewell.  Still  hicrher  is 
the  Lime  and  "Yellow"  sand;  the  upper  part  of  the  old  Middle  Marl 
bed,  including  the  *' Vincenttown"  and  more.  This  is  an  important 
water  horizon  all  across  the  State.  The  top  bed  is  the  Upper  Marl,  a 
part  of  which  is  Eocene.     It  is  the  impervious  cover  to  the  preceding. 

The  second  subprovince  of  the  Coastal  Plain,  the  Tertiary,  is  divided 
into  two  formations,  the  Kirkwood  (Miocene),  and  the  Cohansoy 
(Pliocene?).  The  lower  bed  is  the  Kirkwood.  It  carries  water- 
bearing sands  at  several  different  stratigraphic  horizons.  It  is  an 
important  source  of  water  at  Atlantic  City  and  at  pointiji  farther  south 
along  the  beach.  Next  higher  is  the  Cohansey  formation.  It  carries 
water  at  several  different  stratigraphic  horizons  and  rivals  the  Kirk- 
wood as  a  source  of  artesian  water  along  the  beach. 

The  structure  of  the  Coastal  Plain  is  extremely  simple.  The  outcrop 
of  the  beds  is  known  in  great  detail.  Their  dip  is  known,  or  is  readily 
determinable,  and  the  altitudes  of  the  various  beds  can  be  closelv 
estimated  at  all  points.  Still  the  predicting  of  artesian  water  at  any 
given  point  is  not  a  simple  mathematical  proposition.  Two  chief  ditfi- 
culties  are  experienced  in  predicting  the  results  of  wells:  First,  the 
thickening  of  the  beds  down  the  dip,  seaw-ard,  has  not  been  worked 
out  in  detail  for  individual  beds;  second,  the  permeability  of  the  beds 
is  a  variable  factor,  whose  exact  value  is  yet  to  be  determined. 

In  the  following  table  the  results  of  borings  at  a  large  number  of 
localities  on  the  Coastal  Plain  are  presented: 

Summary  of  well  statistics  in  the  more  important  of  the  Coastal  Plain  localities. 

[Compiled  from  tables  of  N.  H.  Darton.a] 


Geologic  horizons  of  water. 


Locality. 

Range  of  depth. 

Range  of  capacity 
per  minute. 

From— 

To- 

From— 

To- 

Asbury  Park 

Fed. 
383 

118 

108 

Fed. 

1.330 

1,398 

480 
120 
710 

OaUotis. 

20 

0 

80 

Gallons. 
500 
400 

250 

Atlantic  City 

Atlantic  Highlands  . . . 
Bamegat  LAnding 

Bayhead  

Lower  marl,  Matawan.  Raritan. 

"Diatom    bed,"   Cretaceous,    Chesa- 
pe<ike. 

Matawan,  Raritan. 
I^wer  marl. 


a  Bull.  U.  S.  Geol.  Survey,  No.  138,  pp.  12-18. 
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Summary  of  icell  statistics  in  the  more  important  of  the  Coastal  Plain  loralitii's — Cont'd. 


Locality. 


BMVKidc 

Bi'ftch  Haven. 


Berkeley  Armii . 

Rordentown 

Bridgeton 

Biigantlne  .:... 

Burltnirton 

<^«mden 

Cape  May  City  . 
l^pc  May  Point 


(May ton  (6  wells). 
CoIlingBWOod . . . . . 


Columbus  .. 
(*Tab  Island, 


Knfrll'*litown 
Fellowship . . 

Fifirlds 

Frt>t»hold 


Glaj«boro.. 
(ilourerter. 


Maple  Shade 
Marlton 


Matawan 

Mays  Land insr ■ 


Ranfcc  of  depth. 


From—'    To— 


Great  Sedge  Island.. 

Greenwich 

Harrisia 

Haniaon  villc , 

Hartford 

Harvey  Cedars 

Hightstown 

Holmdel 

JamesbuTK 

Keyport 

Idike  Como 

Lakewood 

Lonnport « 

Lucaston 

Manioloking 


Mechesatankin  Creek 


Medlord. 


Fed. 


430  • 


119 


135 
112 


156 


172  ! 


102 


240 
201 


175 


102 


128 


Feet. 
190 
575 

470 
195 
90 
7W 
253 
152 
224 
360 

105 
196 

356 

520 

210 
131 
397 
322 

511 
270 

820 
690 
875 
122 
187 
500 
500 
601 
481 
242 
535 
475 
803 
110 
922 

375 
365 

100 
176 

158 

183 


Range  of  capacity 
per  minute. 


From— 


(tcUloni. 

0 

10 


0 
16 


To— 


GaUotm. 


Geologic  horizons  of  water. 


125 

60 
Many. 


100 

25;  plenty. 

ISO 

i        '^ 

,  Fair  sup- 

'    ply. 

Each,  150 

Fair  sup- 
ply. 

10:  fair  sup- 
ply. 

Satisfac- 
tory. 


0 
25? 

0 
100 


12 
0 


Many. 


250;unHat- 
is facto- 
ry. 

100 
650 

100 


Plenty. 


100 
70 


52 
12 


IKO 


'20:  fair  to 
plenty. 


25 

Unsatis- 
factory. 

Plenty: 
sa  t i  H- 
factory; 
200. 


Unknown. 

Bed  C.  Atlantic  City:  bed  E.  Atlantic 
CMty. 

960  fe^t  at  Atlantic  City(?). 

Karitan,  basal  Raritan. 

Post-Chesapeake. 

800  feet  at  Atlantic  City. 

Raritan. 

Basal  Raritan. 

Upper  Chesapeake.    Unknown. 

Upper  Chesapeake. 

Post-Chesapeake  (?) . 
Raritan. 

Raritan,  basal  Matawan. 


Matawan. 

Do. 
Chesapeake. 
Lower  marl,  Matawan. 

Post-Chesapeake,  Matawan. 

Basal  Raritan,  basal  Matawan,  Rari- 
tan. 

Lower  marl. 

Middle  marl. 
Matawan. 

Matawan,  Raritan,  basal  Itaritan 
Raritan. 

Do. 

Do. 
Lower  marl. 

Do. 

Bed  G.  Atlantic  Cily. 

Middle  marl. 

Bed  C.  Atlantic  City,  lower  marl,  Mat- 
awan. 

Ba.«uil  Raritan. 

Redbank,  lower  marl(?),  Matawan. 

Matawan. 

428  feet,  Atlantic  Clty(?),  bed  C,  Atlan 
tic  Clty(?). 


Redbank,  lower  marl. 
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Summary  of  well  slatistka  in  the  more  important  of  the  Coastal  Plain  localities — Cont'd. 


Locality. 


Mlllville. 


Monmouth  Beach 
Monmouth  Park  . 

MoorcBtown 

Mount  Ephraim.. 


Mount  Holly . , 
MuIIicaHill... 
Ocean  Beach . , 

Ocean  City 

Ocean  Grove  . . 

Pavonia 

Perth  Amboy.. 
Pleasant  Mills. 


Port  Monmouth . . . 

Point  Pleasant 

Port  Norris 

Port  Republic 

Quinton 

Kancocas 

Redbank  

Riverside  (8  wells) 

Rumscn  Neck 

Runyon  Station  . . . 

Sayreville 

Sea  Girt 

Seabright 

Sea  Island  City . . . . 
Seven  Islands 


Sewell 

Shrewsbury 

South  Amboy 

South  Beach  Haven 

Spring  Lake 

Stockton 

Straight  Creek 

Trenton 

Vineland 

Waretown 

Wenonah 

Weymouth 


Wildwood 


Winslow 

Woodbury . . 
W(X)dstown. 


Range  of  depth, 


From— 


Fed. 
150 


480 
760 
4J0 
112 
130 
1&5 


248 


125 
408 


116 


196 


215 

i:?5 

113 
139 


To— 


Feet. 
160 

380 

•  385 

150 

ISO 

675 
102 
485 
800 
1,131 
174 
470 
201 

-i-100 
806 
200 
151 
275 
124 
230 
200 
210 
160 
976 


755 


258 
380 
fi83 

420 
200 
IWi 
425 
465 
130 
100 
160 
205 
280 
341 
106 

931 

145 
163 

776 


Range  of  capacity 
per  minute. 


From— 


GaUona. 


To— 


GaUoru. 

Satisfac- 
tory. 


75 


Satisfac- 
tory. 


25 


18 


55 
60 


0 


50 
140 

40 
275 


500:  unsat- 
isfac- 
tory. 

Few. 

45 

1 


55 


165 

£ach;  40 

60 


Many. 

50 

210 

30 

70 

25 


52 


10 


20 


10? 

Many. 

875 

Many. 

Many;  200 

20 

20  , 


70 

300;  unsat- 
isfactory. 

40 

8 
360 


Geologic  horizons  of  water. 


Matawan. 

Do. 
Basal  Matawan. 
Basal  Matawan(?). 

Raritan. 

Redbank. 

Lower  marl. 

Chesapeake  diatom  bed. 

Lower  marl,  Matawan. 

Raritan,  basal  Raritan.crj'stalline  ruck. 

Basal  Raritan,  70-470  feet  in  gneiss. 

658  feet  at  Ocean  City(?},  Chesapeake. 

Matawan. 
Do. 

428  feet,  Atlantic  City(?). 

Redbank, 

Basal  Matawan. 

Lower  marl,  Matawan. 

Raritaii(?). 

Matawan. 

Basal  Raritan,  80,976  feet  In  gneiss. 

Matawan. 

Lower  marl,  Matawan. 

Above  diatom  bed. 

Bed  E,  Atlantic  City;  bed  C,  Atlantic 

City(?). 

Basal  Matawan. 

Lower  marl. 

Basal  Raritan. 

Bed  C,  Atlantic  City. 

Lower  marl. 

Basal  Raritan,  Raritan. 

Po6t-Chc8apeake(?).    Basal  Raritan. 

Post-Chesapeake. 

Bed  E,  Atlantic  City. 

Basal  Matawan,  Matawan. 

Bed    C,   Atlantic   City(?);  650  foot  nt 
Atlantic    City(?);    bed    C    Atlantic 

City(?). 

Upper  Chesapeake.  240  feet  below  gren  t 
diatom  bed;  in  great  diatom  t>ed. 

Chesapeake,  960  feet  at  Atlantic  City  (?) . 

Matawan,  bastil  Matawan. 

Basal  Matawan,  Redbank,  Raritan. 
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SUMMARY  OF  WATER  RESOURCES. 


The  accompanying  table  brings  into  prominence  many  important 
relations  and  suggests  many  more. 

DiMribution  of  utlls  by  provinces. 


Area  in  eqnare  milee 

A  pproxiinate  population 

Average  number  of  people  per  nquare 
mile 

Maximum  d(  nsity  of  population  per 
square  mile  per  township 

Minimum  density  of  population  i>er 
square  mile  per  township 

Records  of  wells 

Average  number  of  square  miles  to 
each  well 


lacnian. 

Cryutalllno 
His:hland8. 

Piedmont. 

Plain. 

547.0 

945.0 

1,4^3.0 

5,  09^).  0 

24,201.0 

76, 029. 0 

1,222,586.0 

495, 072. 0 

44.2 

80.4 

836.3 

97.7 

1,590.0 

8, 475. 0 

22, 560. 0 

14, 492. 0 

23.0 

26.0 

37.0 

6.0 

23.0 

31.0 

547.0 

998.0 

24.0 

30.0 

26.0 

5.0 

It  will  be  noticed  that  of  the  1,600  wells  catalogued,  nearly  1,000  are 
in  the  Coastal  Plain  province.  These  range  in  depth  from  50  to  2,300 
feet  and  probably  90  per  cent  of  them  are  of  the  true  artesian  type — 
that  is,  they  draw  their  water  from  beds  whose  catchment  area  is 
remote,  and  the  water  in  the  wells  rises  nearly  or  quite  to  the  sur- 
face, and  frequently  above  the  surface.  Of  the  550  wells  in  the  Pied- 
mont Plain  very  few  are  of  the  true  artesian  t3'pe.  They  range  in 
depth  from  50  to  2,3(K)  feet.  Many  of  them  yield  large  volumes  of 
water  and  a  few  of  them  flow,  but,  as  before  suggested,  they  probably 
draw  their  supplies  largely  from  the  joints  and  the  secondary  struc- 
tures of  the  rocks.  Of  the  50  or  60  wells  in  the  two  northern  prov- 
inces, only  a  few  are  truly  artesian.  The}'^  are  practically  all  simply 
deep  reservoir-like  holes  into  which  water  percolates  from  innumer- 
able joints  and  fissures  at  all  horizons.  While  the  gathering  ground 
of  such  waters  may  be  remote  from  the  wells,  they  belong  in  a  ditfer- 
ent  class  from  those  of  the  Coastal  Plain.  It  will  be  rememliered  that 
the  wells  here  catalogued  are  the  ones  of  which  records  have  been 
obtained,  and  not  the  actual  total  number  of  wells  in  these  provinces. 
There  are  undoubtedly  many  wells  of  which  no  records  have  been 
procured. 

The  Appalachian  and  Crystalline  provinces  are  relatively  sparsely 
settled.  In  them  springs  abound,  and  mountain  streams,  proverbially 
wholesome  and  as  yet  unpolluted,  are  numerous  and  well  distributed, 
so  that  the  demand  for  deep  wells  Is  not  pressing. 
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DISTRIBUTION   OF  WELLS  AND  POPULATION. 

The  Piedmont  area  includes  two  fairly  distinct  subprovinces.  The 
first,  including  the  northeast  part  of  the  area,  in  the  vicinity  of  Essex 
and  Hudson  counties,  is  occupied  by  numerous  cities,  large  and  small, 
many  of  which  are  manufacturing  centers,  while  the  second,  in  the 
southwest  portion,  in  the  vicinity  of  Somerset  County,  is  dominantly 
an  agricultural  region.  The  first  of  these  subprovinces  includes  about 
one-fifth  of  the  area  of  the  Piedmont  province  and  contains  about 
nine-tenths  of  its  population,  the  remaining  one-tenth  of  the  popula- 
tion being  scattered  over  the  southwestern  four-fifths  of  the  province. 
Of  the  550  wells  in  the  Piedmont  province  more  than  500  occur  in  the 
densely  populated  region  in  its  northeastern  portion  and  the  water,  for 
the  most  part,  is  used  for  manufacturing  purposes. 

In  the  Coastal  Plain  province  the  densely  populated  districts  are 
distributed  around  its  periphery,  the  interior  being  more  sparsely 
settled.  The  distribution  of  the  artesian  wells  stands  in  fairlv  definite 
relation  to  the  density  of  population.  Along  the  seashore  are  many 
thriving  towns  and  cities  whose  function  is  almost  wholly  that  of  min- 
istering to  the  service  of  those  in  quest  of  health,  recreation,  and 
pleasure.  These  communities,  while  not  absolutely  dependent  on 
artesian  wells  for  their  water,  find  them  the  most  satisfactory  available 
source  of  supply,  and  hence  a  large  percentage  of  the  wells  are  found 
along  the  coast. 

The  north  and  northwest  border  of  this  province,  which  is  approxi- 
mately the  outcrop  of  the  Cretaceous  termnes,  finds  its  interests 
divided  between  agriculture  and  manufacture.  Artesian  wells  are 
abundant  in  this  region  but  are  not  so  deep  as  those  along  the  (!oast, 
and  are  accordingly  less  expensive.  They  serve  both  the  manufactur- 
ing and  the  agricultural  interests.  In  fact,  the  distribution  of  the 
artesian  wells  is  determined,  first,  b}^  the  availability  of  the  water; 
second,  by  the  density  of  the  population,  and  third,  by  the  character 
of  the  population. 

MINERAL  SPRINGS. 

Sixteen  mineral  springs  in  New  Jersey  reported  sales  of  water  in 
1902,  and  many  more  are  the  site  of  pleasure  resorts  of  more  or  less 
importance.  The  aggregate  production  for  the  year  is  given  as  360,900 
gallons,  with  a  value  of  $41 ,875.     The  springs  reporting  are  as  follows:  ^ 

Alpha  Spring,  Springfield,  Union  County. 
Beacon  Mountain  Spring,  Denville,  Morris  County. 
Beech  Springs,  near  Woodbury,  Glouce,*«ter  County. 
Fowler*R  Deep  Rook  Artesian  Well,  AUwood,  Passaic  County. 
Hata wanna  Spring,  Buddlake,  Morris  County. 
Holly  Springs,  Swedt^sboro,  Gloucester  County. 


«lVaU'.  A.  (;..  Mineral  Resources  U.S.  Utr  19(nJ,  l'.  S.  <;tHil.  Survey,  19M,  p.  996. 
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ImHan  Kaliuni  Sprinjf,  Gloucester,  Camden  County. 
Indian  Spring,  near  Kookaway,  MorriH  County. 
Kaliinn  Sprinjjs,  Collingswood,  Camden  County. 
Oakland  Vernam  Spring,  near  Oakland,  Bergen  County. 
Pine  I^wn  Spring,  Hohokus,  Berg€»n  County. 
Trinity  Springs,  Ridgefield,  Bergen  County. 
Turtle  Hill  Spring,  PaijHaic,  PaK^aic  County. 
Wai'hington  Mountain  Spring,  Pennington,  Mercer  County. 
Washington  Rock  Spring,  Warrenville,  Somerset  County. 
Watchung  Spring,  Plainfield,  Union  County. 

PRINCIPAT^  PUBLICATIONS. 

[Artes»ian  wells  of  New  Jersey],  by  I^ewis  Woolman  and  others.  A  large  number  of 
references  and  re{)orts  on  the  artesian  wells  of  New  Jersey  are  containe<l  in  the 
New  Jersey  (Jeological  Survey  Reports,  beginning  with  the  year  1857  and  extend- 
ing <lown  to  the  present  time.     (See  indexes  of  individual  reports.) 

Mineral  springs  of  the  Unitetl  States,  by  A.  C.  Peale:  Bull.  U.  S.  (leol.  Survey  No. 
;^2,  pp.  42-4S. 

Artesian  well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  II.  Darton:  Bull. 
U.  S.  (ieol.  Survey  No.  138,  1896,  pp.  39-115. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton.  Water- 
Supply  an<l  Irrig.  Paper  U.  S  (Jeol.  Survey  No.  61,  1902,  pp.  12-14. 

Water  resources  of  the  highlands  of  New  Jersey,  by  Ijiurence  Ia  Forge:  Water-Sup* 
ply  and  Irrig.  Paper  U.  S.  Oeol.  Survey  No   110,  1905,  pp.  141-155. 


PENNSYLVANIA. 


By  M.  L.  Fuller. 


TOPOGRAPHY. 

There  are  three  distinct  topographic  belts  in  Pennsylvania:  (1)  A 
southeantern  belt,  whose  northern  boundary  starts  about  10  miles  south- 
east of  Easton  and  passes  southwestward,  just  south  of  Reading  and 
Harrisburg,  to  a  point  a  few  miles  west  of  Gettysburg;  (2)  a  central 
belt,  b'ing  north  and  west  of  the  first,  whose  northern  boundary 
reaches  from  the  northeastern  part  of  the  State  westward  and  south- 
westward,  past  Williamsport,  Lock  Haven,  and  Altoona,  to  the  south- 
eastern portion  of  Somereet  County;  and  (3)  a  northwestern  belt  which 
embraces  the  entire  northern  and  western  portions  of  the  State.  (See 
fig.  14.) 

The  eastern  belt,  known  as  the  Piedmont  Plateau,  is  in  general  of 
low  elevation,  and  consists  of  a  broadly  rolling  surface  with  few  high 
hills.  The  central  belt^  constituting  the  Appalachian  Mountains  and 
Valley,  consists  of  a  large  number  of  long,  straight,  or  gently  curving 
ridges,  alternating  with  deep  valleys,  the  widest  of  which  is  the  Cum- 
berland or  Shenandoah.  Many  of  these  ridges  rise  to  altitudes  mnging 
between  1,500  and  2,500  feet.  The  third  belt,  known  as  the  Alleghen}' 
Plateau,  is  a  broad  surface,  cut  throughout  its  extent  by  streams  which 
now  flow  in  deep  and  frequently  canyon-like  valleys.  A  few  ridges 
rise  above  the  common  level  of  this  upland,  but  the  plate^iu  has  a 
general  southwestward  slope,  and  varies  in  altitude  from  about  2,000 
feet  in  the  northern  portion  of  the  State  to  approximately  1,200  feet 
in  the  southwestern  portion. 

GEOLiOGY. 

The  geologic  divisions  correspond  in  general  with  those  of  topog- 
raphy; in  fact,  the  geolog}^  has  governed  the  character  of  the  topog- 
raphy throughout  the  State.  The  southeastern  topographic  belt,  or 
Piedmont  Plateau,  is  underlain  largely  by  crystalline  rocks  which  have 
been  very  evenly  eroded  and  consequently  present  few  conspicuous 
topogmphic  features.     Along  the  northern  border  of  this  belt  is  a 

104 


FrLLBR.] 


PENNSYLVANIA. 


105 


band  of  soft  Triassic  shales  and  sandstones  of  a  topofs^raphy  similar  to 
that  of  the  adjoining  crystalline  area.  The  continuity  of  the  belt  is, 
however,  broken  by  a  series  of  folded  Cambrian  and  Silurian  quartzites 
and  limestones  that  extend  from  near  Trenton  westward  across  the 
Susquehanna  to  the  southeast  corner  of  Adams  County.  The  cities  of 
York  and  Lancaster  are  located  in  this  belt,  while  Phoenixville,  Norris- 
town,  and  Trenton  lie  just  outside  its  borders. 

The  rocks  of  the  middle  topographic  belt,  which  is  characterized  by 
prominent  ridges,  consist  mainly  of  strongly  folded  beds  of  Cambrian, 
Silurian,  and  Devonian  age,  but  the  folded  rocks  of  the  anthracite  coal 
basin  and  of  the  Broadtop  coal  basin  in  the  south-central  portion  of  the 
State  are  of  Carboniferous  age. 

The  rocks  of  the  remaining  or  plateau  portion  of  the  State  are  De- 
vonian and  Carboniferous,  the  former  constituting  the  surface  in  the 
northern  and  northeastern  portion  of  the  State  and  the  latter  in  its 
western  part.     The  rocks  of  this  belt  are  chai*acterized  in  general  by 


TrsTriSMic  C-^  Carbon  iter  out 

CSO'Cambrian,  Silurian, and  Devonian 


0*  Devonian 
Or*  Crystalline 


Fig.  19.— (icologlc  subdivisions  of  Pennsylvania. 

very  moderate  folding,  although  the  rocks  of  Laurel  Hill  and  other 
ridges  in  the  southwestern  portion  of  the  State  show  high  dips.  The 
folds  generally  decrease  uniformly  in  magnitude  as  their  distance  from 
the  Appalachian  Front  increases,  until  in  the  northwestern  part  of  the 
State  only  slight  and  irregular  undulations  can  be  detected.  It  is  along 
the  crest  of  the  anticlines  that  the  lower  Devonian  rocks  are  brought 
to  the  surface  in  the  northern  part  of  the  State. 

SOURCES  OF  WATER  SUPPIiY. 


STREAMS  AND   LAKES. 


By  far  the  larger  number  of  the  streams  of  Pennsylvania  rise  either 
in  the  mountainous  regions  of  the  Appalachian  belt  or  in  the  high- 
lands of  the  Allegheny  Plateau.  In  general  they  have  their  sources 
in  rugged  forest-covered  areas  remote  from  habitations,  and  for  con- 
siderable distances  flow  with  their  original   purity  through  thinly 
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populated  districts.  Even  within  a  few  miles  of  some  of  the  large 
cities  supplies  from  unpolluted  streams  may  be  procured.  The  waters 
of  the  larger  streams,  however,  are  generally  polluted  and  unsafe  for 
domestic  use  except  where  they  are  subjected  to  some  process  of 
purification.  There  are  no  large  natural  lakes  within  the  State,  but  a 
few  small  ponds  are  found  in  depressions  in  the  drift  on  some  of  the 
flat  mountain  tops  and  elsewhere  in  its  northern  portion.  These 
ponds  are  seldom  of  any  value  as  a  source  of  water  supply. 

AVELLS. 

The  drift, — The  glacial  drift  in  Pennsylvania  is  confined  to  the 
northern  half  of  the  State.  The  glacial  boundary  enters  from  the  east 
at  a  point  not  far  from  Easton  and  passes  northwestward  to  the  New 
York  line  not  far  from  Bradford.  Here  it  leaves  the  State  for  a  few 
miles,  but  soon  turns  south  again,  reenters  the  State  and  passes  south- 
westward  to  a  point  a  few  miles  north  of  Ohio  River  at  the  western 
border  of  the  State. 

In  the  area  south  of  this  line  the  loose  materials  at  the  surface, 
except  in  the  river  and  stream  valle3's,  consist  of  fragments  of  rock 
which  have  been  broken  up  to  form  a  stonj'  soil  under  the  action  of 
the  weather.  North  of  the  glacial  boundary  this  residual  soil  has  been 
reworked  by  glacial  action  and  mixed  with  foreign  material  brought 
down  from  the  north,  the  whole  being  left  as  a  heterogeneous  stony 
mantle,  known  as  till,  covering  the  surface.  In  addition  to  the  till 
man}'  deposits  of  gravel  or  sand  were  laid  down  in  the  valleys  by 
streams  flowing  from  the  glacier. 

The  till  usually  contains  a  considerable  percentage  of  clay  and  is  not 
usuall}'  a  satisfactory^  source  of  water.  Nevertheless  it  furnishes  small 
supplies  to  wells  at  many  points  throughout  the  northern  portion  of 
the  State.  The  water  follows  rather  definite  courses  through  the 
material  and  its  occurrence  can  not  always  be  predicted.  Its  amount 
is  almost  always  small,  but  it  is  of  very  fair  quality.  Springs  are 
common,  but  are  usually  small  and  of  little  economic  value. 

Stream  deposits. — In  the  stream  deposits,  which  consist  largely  of 
gravel  and  sand,  great  quantities  of  water  are  stored,  especiall}'  in  the 
larger  river  valleys.  The  great  absorptive  power  of  these  materials 
is  strikingly  shown  b}^  their  rapid  absorption  of  the  mountain  streams 
which  emerge  upon  them.  Wells  driven  Init  a  few  feet  into  such 
deposits  often  find  abundant  supplies.  Their  waters  are  almost  alwa^^s 
of  excellent  qualit}'  if  taken  at  sufliicient  depth  to  be  out  of  the  zone  of 
pollution  from  the  surface. 

CryfitalUne  rocks, — The  cr3'stalline  rocks  consist  of  gneisses  and  simi- 
lar granitic  rocks.  In  general  they  carry  but  little  water,  for  thoir 
porosity  is  small  and  they  are  not  characterized  by  bedding  planes  that 
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offer  easy  passages  for  water.  These  rocks  are,  however,  cut  by 
more  or  less  vertical  joints  which  admit  considerable  quantities  of 
water  under  favorable  conditions.  Wells  drilled  in  the  crystalline 
rocks,  especially  in  Philadelphia  and  vicinity,  have  frequently  obtained 
moclerate  to  good  supplies  at  depths  of  from  100  to  300  feet.  As  a  rule, 
wells  that  fail  to  obtain  a  supply  within  300  feet  of  the  surface  will  not 
afford  much  water  at  greater  depths.  Springs  are  relatively  few  in 
number  and  small  in  size,  and  are  seldom  used  except  in  the  vicinity  of 
the  large  cities,  where  they  furnish  considerable  quantities  of  water 
for  table  use. 

TrtitHsIc  rockn, — The  Triassic  rocks,  the  extent  of  which  has  already 
been  indicated,  consist  of  shales  and  soft  sandstones,  frequently'  stained 
red  by  iron  oxide.  The  sandier  beds  contain  a  large  quantity  of  water, 
a  cubic  foot  sometimes  holding  a  quart  or  more.  Many  wells  have 
l)een  drilled  into  these  rocks  in  the  towns  scattered  along  their  outcrop 
and  considerable  supplies  have  been  obtained  in  some  places.  The 
waters,  however,  are  liable  to  l)e  strongly  mineralized  and  in  some 
cases  it  is  impossible  to  use  them  in  boilers.  Springs  occur  in  the 
Triassic  rocks,  but  are  not  commonly  important. 

(yiiiikhrian  and  SUurian  rochs, — The  Cambrian  and  Silurian  rocks 
consist  of  quartzites,  limestones,  and  shales.  They  are  characterized 
throughout,  as  has  already  been  indicated,  by  strong  folds,  the  rocks 
in  many  instances  being  almost  on  edge.  The  outcrops  of  the  forma- 
tions generally  occur,  therefore,  as  rather  narrow,  straight,  or  gently 
curving  bands,  although  belts  of  considerable  width  are  found  where 
the  folds  are  more  open. 

The  true  quartzites  are  dense,  compact,  and  nonporous,  exhibit  very 
little  jointing,  and  are  frequently"  destitute  of  recognizable  bedding 
planes.  Under  such  conditions  the}"  are  practically  destitute  of  water. 
Some  of  the  beds,  however,  especially  the  Medina  and  Oriskany  sand- 
stones, are  less  dense,  and  carry  water  which  issues  as  tine  large 
springs  where  the  outcrops  are  favorable.  The  limestones,  which 
include  the  Trenton  and  Lower  llelderberg,  are  rather  dense  and  carry 
water  only  in  solution  channels.  For  this  reason  the  finding  of  water 
in  them  is  uncertain,  and  they  are,  therefore,  rarely  a  source  of  supply, 
although  in  some  cities  and  towns  deep  wells  have  obtained  satisfactory 
supplies  from  these  rocks.  There  are  many  fine  springs  along  the 
edges  of  the  limestone  areas,  but  in  the  central  portion  of  the  outcrops 
cisterns  are  mainly  relied  upon  for  water  for  domestic  purposes. 

The  shales  carry  some  water  in  their  bedding  planes  and  in  sandy 
interl>edded  la3^ers.  Small  springs  are  fairly  common,  and  in  the  less 
strongl}^  folded  portions  wells  usually  obtain  moderate  supplies. 

Devtmian  rocJcs. — The  Devonian  rocks,  as  already  indicated,  occur  to 
some  extent  infolded  with  the  Cambrian  and  Silurian  rocks,  and  are 
also  brought  to  the  surface  by  gentle  folds  in  the  northern  portion  of 
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the  State.  They  consist  largely  of  shales,  although  sandstones  are 
frequently  present,  especially  in  the  subdivision  of  the  Devonian  known 
as  the  Catskill.  Limestones  are  occasionally  present.  Springs  are 
numerous  in  the  areas  where  the  Devonian  shales  and  limestones  out- 
crop, but  they  are  small  as  compared  with  the  springs  of  the  Cam- 
brian and  Silurian  areas.  They  afford,  nevertheless,  pure  supplies  for 
a  large  number  of  the  inhabitants  in  the  areas  in  which  they  occur. 
Wells  also  generally  obtain  fair  supplies.  In  the  synclines  or  basins 
flowing  water  is  not  uncommonly  obtained  by  the  deeper  wells,  but, 
because  of  the  abundance  of  spring  water  and  of  water  in  the  drift, 
deep  wells  are  not  often  sunk. 

Carboniferous  rocks. — The  Carboniferous  rocks  consist  of  a  thick 
series  of  sandstones,  shales,  limestones,  and  coals.  The  limestones  are 
generally  only  a  few  feet  thick,  but  some  of  the  beds  may  run  up  to  50 
or  100  feet,  or  even  more.  They  are  not  prominent  water  bearei-s, 
although  small  supplies  are  almost  always  obtained  either  at  their 
upper  surfaces  or  from  some  of  their  bedding  or  joint  planes. 

The  Carboniferous  shales,  like  the  Devonian,  frequently  carry  water 
along  their  bedding  planes  and  in  their  interbedded  sandy  layers,  but 
though  giving  rise  to  a  considerable  number  of  springs  and  furnishing 
supplies  for  many  shallow  wells,  they  are  not  conspicuously  water 
bearing. 

Water  is  frequently  found  associated  with  the  coals,  but  is  almost 
always  highly  charged  with  ferrous  sulphate,  resulting  from  the 
decomposition  of  the  pyrite  in  the  coal.  Sandstones  are  often  of 
great  thickness  and  are  fairly  open  and  porous.  Where  above  di^ain- 
age  level  they  commonly  carry  relatively  little  water,  but  below  this 
level  they  are  often  saturated,  and  drilled  welLs  penetrating  them 
generally  obtain  good  supplies.  Where  the  rocks  lie  a  considerable 
distance  below  the  surface,  however,  the  fresh  water  is  liable  to  !>e 
replaced  by  salt  water  or  by  oil;  hence  deep  wells  are  sometimes  of 
little  value  as  sources  of  water  supply.  Flowing  water  is  frequently 
obtained  in  the  synclines  or  basins  and  elsewhere  where  the  conditions 
are  favorable,  but  the  water  will  seldom  rise  more  than  a  few  feet 
above  the  surface,  and  pumping  is  almost  universallj'  necessary  to  raise 
it  for  industrial  uses.  In  general,  fresh  waters  in  the  Carboniferous 
and  Devonian  rocks  are  found  within  600  feet  of  the  surface.  Below 
this  point  the  rocks  are  in  some  places  entirely  destitute  of  water,  and 
in  others  carry  salt  water  as  indicated  above. 

Coastal  Phin  deposits, — The  eastern  portion  of  Philadelphia  is  under- 
lain by  Coastal  Plain  formations,  consisting  of  the  lower  beds  of  the 
Raritan-Potomac  deposits.  These  beds  are  water  bearers  and  have 
been  tapped  by  a  number  of  wells  in  the  city. 
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MINERAL  SPRINGS. 

The  waters  of  Pennsylvania,  except  those  of  the  Triassic  area,  of 
the  limestones,  and  those  associated  with  coals,  are  usually  low  in 
ininei-al  matter.  There  are,  however,  scattered  throughout  the  State 
a  number  of  deep-seated  springs  the  waters  of  which  are  mineralized. 
Many  of  these  mineral  waters  are  bottled  and  sold  commercially,  and 
resorts  of  importance  have  been  developed  about  others.  The  mineral 
springs  are  not  confined  to  any  one  class  of  rocks,  but  are  found  in  all 
of  the  types  described.     The  following  springs  reported  shipments  in 

Artesia  Spring,  Harrison  Valley,  Potter  County. 

Be<lford  Chalybeate  Spring,  Bedford,  Bedford  County. 

I^lford  Mineral  Springs,  near  Bedford,  Bedford  County. 

Black  Barren  Mineral  Spring,  Pleasant  Grove,  Lancaster  County. 

Buena  Vista  Springs,  Buena  Vista,  Franklin  County. 

Charmian  Mineral  Spring,  Channian,  Franklin  County. 

Olovertlale  Artesian  Lithia  Spring,  Newville,  Cumberland  County. 

Corry  Artesian  Mineral  Spring,  Corry,  Erie  County. 

Cresron  Springs,  Cresson,  Cambria  County. 

I>e  Vita  Mineral  Springs,  Cambridge  Springs,  Crawford  County. 

East  Mountain  Lithia  Well,  near  Factory ville,  Wyoming  County. 

Ephrata  Mountain  Crystal  Spring,  near  Ephrata,  Lancai«ter  County. 

Glen  Summit  Spring,  Glen  Summit,  Luzerne  County. 

(Tray  Mineral  Spring,  Cambridge  Springs,  Crawford  County. 

Imperial  Spring,  Angelica,  Berks  County. 

Korrylutz  Well,  Corry,  Erie  County. 

Magnesia  Spring,  Cambridge  Springs,  Crawford  County. 

Malvern  Spring,  Malvern,  Chester  County. 

Parker  Mineral  Spring,  Gardeau,  McKean  County. 

Pavilion  Spring,  South  Mountain,  Werners  ville,  Berks  County. 

Petticord  Mineral  Spring,  Cambridge  Springs,  Crawfonl  County. 

Pulaski  Natural  Mineral  Spring,  Pulaski,  Lawrence  County. 

Rennyson  Tredyffrin  Spring,  Rennyson,  Chester  County. 

Ross-common  Springs,  Windgap,  Monroe  County. 

Saegertown  Mineral  Spring,  Saegertown,  Crawford  County. 

Sizer  Mineral  Spring,  Sizerville,  Cameron  County. 

Spruce  Hollow  Mineral  Spring,  near  Northumberland,  Northumberland  County. 

The  J.  W.  Lang  Mineral  Well,  Venango,  Crawford  County. 

Tuckahoe  Mineral  Springs,  Northumberland,  Northumberland  County. 

Whann  Alkaline  Lithia  Mineral  Springs,  near  Franklin,  Venango  County. 

W^hite  House  Spring,  Neversink  Mountain,  Reading,  Berks  County. 

The  aggregate  amount  of  water  sold  in  1902  is  given  as  4,567,260 
gallons,  valued  at  $1,124,532. 

apeale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Ocol.  Survey,  1904,  p.  996. 
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PIIINCIPAIj  PUHL.ICATIONS. 

Mineral  Springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey 
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Water-Supply  and  Irrig.  Pajxir  U.  S.  Geol.  Survey  No.  61,  1*.K)2,  pp.  29-42. 

Water  resources  of  the  Philadelphia  district,  by  F.  Bascom:  Water-Supply  and 
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Water  resources  of  the  Chambersburg  and  Mercersburg  quadrangles,  Pennsylva- 
nia, by  (i.  W.  Stose:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  lit), 
1904,  pp.  156-158. 

Water  resources  of  the  Curwensville,  Patton,  Ebensburg,  and  Bameslx)ro  quad- 
rangles, Pennsylvania,  by  F.  G.  Clapp:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol. 
Survey  No.  110,  1904,  pp.  159-163. 

Water  resources  of  the  Elders  Ridge  quadrangle,  Pennsylvania,  by  R.  W.  SU)ne: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  1904,  pi).  164-165. 

Water  resources  of  the  Waynesburg  quadrangle,  Pennsylvania,  by  R.  W^.  Stone: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  1904,  pp.  166,  167. 

Well  records.     (See  reports  of  State  Geological  Survey  of  New  Jersey.) 


DELAWARE. 


Bv  N.  H.  Darton. 


GEOTA>GY. 

This  State  lies  almost  entirely  on  the  Coastal  Plain,  across  which  it 
extends  diagonally  to  the  Atlantic  Ocean.  The  crystalline  rocks 
emerge  at  the  surface  in  the  extreme  northern  portion  of  the  State, 
but  are  deeply  buried  under  the  Coastal  Plain  deposits  to  the  south- 
east. The  genenil  structure  is  shown  in  section  1,  PL  VII.  The 
topography  of  the  State  is  relatively  simple,  consisting  of  a  general 
terrace  plain  averaging  about  50  feet  in  altitude  and  a  small  area  of 
higher  rolling  hills  north  and  west  of  Wilmington.  The  geologic 
formations  are  as  follows: 


Formatiou. 

(!harHcterlstifH. 

- 

Age. 

(N  )1  iiiiibia 

SaiKlH,  loame,  and  gravel 

Sands,  clays,  infunorial 
marl. 

Brown  sand  and  marl.. 

Pleistocene. 

Cliesapt»ake 

Pamunkey 

Raiic(x*as 

earth, 

and 

Miocene. 
Eocene. 

Middle  marl 

Later  Cretaceous. 

Kif  ll>ank 

Sandn  and  marl 

Do. 

Navt^sink 

L<^)wer  marl 

Do. 

Matawan    

(Hav  marl  and  sand 

Do. 

Karitan  aiul  Potomac: 

ClavK  and  Hands -  -   -   

Earlv  Cretaceouf!. 

CYvHtalliiie  nwkn 

(iranite,  gneins,  gabbro, 
and  quartzite. 

limestone, 

w 

WATEU  HORIZONS. 

As  relatively  few  deep  wells  have  been  bored  in  Delaware,  the  water 
horizons  have  not  been  fully  explored  over  a  very  wide  area.  The  well 
at  Middletown  (see  below)  has  obtained  a  tine  supply  of  water  from 
the  Potomac  formation,  apparently  from  the  basal  beds,  and  it  is 
probable  that  this  water  sheet  extends  from  Wilmington  past  Middle- 
town  far  southward.  At  Farnhurst  it  yields  a  moderate  supply.  The 
dip  of  the  horizon  to  the  south-southeast  is  about  30  feet  to  the  mile, 
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which  carries  it  from  the  tide  level  at  Wilmington  to  a  depth  of  165 
feet  at  Farnhurst  and  535  feet  at  Middletown.  Water  horizons  above 
the  lower  beds  of  the  Potomac  formation  and  in  the  Matawan,  Red- 
bank,  and  Lower  Marl,  that  occur  in  New  Jersey,  were  not  reported  in 
the  Middletown  well,  which  probably  indicates  that  these  waters  do  not 
extend  into  Delaware.  The  principal  Chesapeake  horizons  appear  to 
be  represented  in  Delaware,  although  the  evidence  in  regard  to  their 
correlation  is  not  conclusive.  The  basal  Chesapeake  water,  so  impor- 
tant in  Maryland,  has  not  been  reached  by  the  welh.  The  water  from 
sands  in  the  gre.at  diatom  bed  (the  525-foot  horizon  at  Atlantic  City) 
probably  supplies  the  Dover  and  Mahon  River  wells  with  their  large 
yields,  while  Milford  and  Lewes  apparently  obtain  their  waters  from  a 
stratum  that  lies  just  above  the  diatom  bed.  As  the  Kitts  Hunmiock 
well  draws  from  a  bed  about  125  feet  above  the  horizon  of  Dover  and 
Mahon  waters,  its  water  horizon  can  not  be  definitely  correlated  with 
any  of  those  at  Atlantic  City.  The  Ocean  City  well  in  Maryland  is  a 
high  Chesapeake  horizon  which  probably  extends  into  the  southern 
edge  of  Delaware,  but  no  wells  have  yet  been  sunk  to  it  in  that  State. 

WATER  SUPPIilES. 

DEEP  WELLS. 


There  are  only  a  few  deep  wells  in  the  State,  but  they  are  all  success- 
ful and  nearly  all  furnish  large  supplies  of  water.  The  following  is  a 
list  of  some  of  the  more  important  ones: 

Partial  list  of  deep  wells  in  Delaware. 


Locality. 


Dover 


Clayton . . . 

Do.... 

Do ... . 
Farnhurst 


Kittfi  Hummock . 

Lewes 

Mahon  River 

Middletown 


Middletown 
Milford 

Do 

Do 


Wilmington    (Stoekle 
Brewery). 

Wilmington  (H.  &.  F. 
Brewery). 

Wilmington   (Hart  & 
Bros.). 


Depth. 


Feet. 
196 

IdO 
60 
85 

211 

110 
400 
206 
635 


Diam- 
eter. 


Inches. 

10 

6 


n 

6 


10-« 


Capacity  per 
minute. 


{ 


QaUons. 

Flows     351 
Pumps  2l8j 

30 


Moderate. 


Much. 

15 

Much. 

830 


Height  to 

which  water 

rises. 


Feet. 
+  6 
+20 


-  2i 
To  surface. 


-50 


Remarks. 


Water  also  at  157  feet 
No  water  at  85-150  feet. 


Water  also  at  40  and  60  feet: 
rock  at  211  feet. 


Fine  quality  of  water;  much 
water  also  at  475  and  530 
feet. 


In  granite. 

In  granite,  96-1,077  feet 

In  granite,  36-200  feet 
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WELL  PROSPECTS. 

From  the  evidence  furnished  by  wells  now  yieldinfz^  water  supplies, 
it  appeal's  probable  that  the  entire  Coastal  Plain  area  of  Delaware  is 
underlain  b}'  water.  About  Middletown  and  to  the  north  the  Potomac 
waters  may  be  expected  at  depths  which  decrease  at  the  rate  of  30  feet 
per  mile  nearly  to  Wilmington,  where  the  Potomac  beds  come  to  the 
surface.  These  waters  may  extend  down  the  dip  south  of  Middletown 
for  many  miles,  but  as  no  wells  have  been  bored  to  them  in  that  region 
no  positive  prediction  can  now  be  made  as  to  the  probability  of  obtain- 
ing water  there.  At  Dover  they  should  be  expected  at  about  1,000 
feet  below  the  surface,  if  the  southward  dip  continues  at  a  uniform 
rate. 

The  Chesapeake  waters  begin  a  couple  of  miles  north  of  Clayton  and 
extend  to  the  southern  border  of  the  State.  The  basal  Chesapeake 
waters,  which  are  important  sources  of  supply  in  Maryland  and  in 
areas  farther  south,  have  not  been  tested  b}'  any  wells  in  Delaware, 
but  may  be  expected  to  extend  over  a  wide  area.  The  Clayton  boring 
to  150  feet  nearly  reached  this  horizon,  which  probably  lies  about  450 
feet  below  the  surface  at  Dover.  The  Dover  waters  no  doubt  are 
widespread,  for  they  are  probably  the  same  as  those  found  at  234  feet 
at  Federalsburg.  The  water  horizon  which  appears  to  extend  from 
Milf ord  to  Lewes  probably  also  underlies  all  of  eastern  Sussex  County, 
but  it  is  not  reported  in  any  of  the  Maryland  wells.  In  both  Kent 
and  Sussex  counties  there  are  almost  certain  prospects  for  Chesapeake 
waters  at  one  horizon  or  another  within  500  feet  of  the  surface.  Sec- 
tions 1  and  2,  PI.  VII,  show  the  conditions  so  far  as  there  are  any  data 
to  present  concerning  them. 

PRINClPAIi  PUBIilCATIONS. 

(Well  records. )    See  reports  of  State  Geological  Survey  of  New  Jersey. 

Art€j?iaii-well  prospects  in  the  Atlantic  Ck>a8tal  Plain  region,  by  N.  H.  Darton:  Bull. 
U.  S.  Geol.  Sur\-ey  No.  138,  1896,  pp.  117-124. 

rreliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  1902,  p.  21. 
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MARYLAND. 


By  N.  H.  Darton  and  M.  L.  Fuller.** 


TOPOGRAPHY  AXD  GEOLOGY. 

The  surface  of  Maryland  may  be  divided  into  four  topographic 
beltc<,  determined  by  the  composition  and  structure  of  the  underlying 
rocks.  Three  of  these,  the  Piedmont  Plateau,  the  Appalachian  Moun- 
tain, and  Allegheny  Plateau  belt«,  are  continuations  of  tho«e  developed 
in  Pennsylvania  and  described  in  connection  with  that  State.  In  addi- 
tion to  these  there  is  in  Maryland  the  great  Coastal  Plain  belt,  which 
stretches  southeastward  from  a  line  extending  from  near  Havre  de 
Grace  through  Baltimore  and  Washington  to  Chesapeake  Bay  and  the 
Atlantic  coast.  The  materials  of  this  belt  are  unconsolidated  clays, 
sands,  and  gravels,  mainly  of  Cretaceous  and  Tertiary'  age.  When 
originally  deposited  the  beds  were  very  nearly  horizontal,  but  they 
have  been  since  tilted  so  that  they  now  dip  considerably  to  the  south- 
east. 

The  Coastal  Plain  is  moderately  low  and  where  not  eroded  by  streams 
exhibits  flat  surfaces.  Such  flat  areas,  however,  l>ecause  of  the  extent 
to  which  erosion  has  taken  place,  are  of  no  great  extent. 

The  rocks  of  the  Piedmont  Plateau  are  mainlv  crvstalline  and  include 
granites,  diorites,  and  other  igneous  or  metamorphic  rocks,  together 
with  some  schists,  slates,  and  crystalline  limestones.  In  altitude  the 
belt  is  somewhat  higher  than  the  Coastal  Plain  area.  Like  the  latt<M\ 
it  shows,  in  those  portions  untouched  b}^  streams,  a  nearly  flat  surface* 
due,  however,  in  this  instance,  to  long-continued  erosion  at  a  period 
when  the  rocks  stood  near  sea  level,  rather  than  to  nearly  level  depo- 
sition, as  in  the  Coastal  Plain.  The  rocks,  though  dcei)ly  weathered, 
are  harder  than  the  Coastal  Plain  deposits  and  are  less  readily  gullied 
by  small  streams.  Moreover,  they  have  beeti  subjected  to  erosion  for 
a  much  longer  period  than  those  of  the  Coastal  Plain  and  more  rounded 
forms  have  been  developed. 

Bordering  the  crystalline  area  and  included  partl}^  within  the  area 
of  Ordovician  rorks  to  the  west  is  a  }>elt  of  Triassic  sandstones  and 


aThe  following  account  of  the  water  resources  of  Maryland  has  been  prej>ftrod  by  M.  L.  Fuller,  hut 
the  portionM  relating  to  the  ('oastal  IMain  have  been  compiled  from  the  reiK)rt  of  Mr.  X.  H.  Darton  oii 
Artesian- well  pro-specUs  in  the  Atlantic  Coastnl  Plain  region:  Bull.  U.  S.  Geol.  Survey  No.  138,  1S96. 

114 


DA  RTON  and  FULLEB.J  MARYLAND.  115 

shales  that  ranges  in  width  from  2  to  15  miles.     The  topogmphy  of 
this  belt  is  similar  to  that  of  the  Piedmont  l>elt. 

The  Appalachian  Mountain  belt,  as  in  Pennsylvania,  consists  of  a 
scries  of  strongly  folded  Cambrian,  Ordovician,  Silurian,  and  Devo- 
nian rocks,  including  a  number  of  quartzites,  sandstones,  and  lime- 
stones, lying  mainly  between  Emmitsburg  and  Cumberland  and 
striking  northeast-southwest.  Beyond  Cumberland  the  rocks  consist 
of  moderately  folded  Devonian  and  Carboniferous  strata,  the  harder 
beds  of  which  give  rise  to  ridges.  These  ridges  are  not,  however, 
so  strongly  developed  as  those  lying  farther  east,  and  in  the  areas 
between  them  plateaus  similar  to  those  of  western  Pennsylvania  have 
been  developed.  As  in  the  latter  State  the  plateau  in  Maryland  is 
deeply  cut  by  the  streams  which  drain  it. 

WATER  HUPPIilES. 

SPRINGS. 

Springs  are  nmnerous  throughout  Maryland,  but  it  is  only  in  the 
limestones  or  coarse  sandstones  of  the  strongly  folded  Appalachian 
belt  that  they  are  commonly  of  any  considerable  size.  In  rocks  other 
than  limestones  and  sandstones  the  springs,  though  numerous,  are 
small,  but  they  nevertheless  supply  pure  water  for  a  large  number  of 
inhabitants  in  the  more  thinly  settled  districts. 

In  the  crystalline  rocks  of  the  Piedmont  Plateau  springs  are  less 
common  and  are  generally  of  small  volume,  but  because  of  the  demand 
for  pure  water  for  drinking  purposes  in  the  larger  cities  a  number  of 
such  .springs  have  been  developed  and  their  waters  placed  on  the  market. 
These  are  mainly  in  the  vicinity  of  Washington  and  Baltimore. 

The  more  porous  beds  of  the  Coastal  Plain,  where  cut  by  ravines, 
give  rise  to  numerous  springs.  These  are  commonl}^  small  and  their 
water  is  frequently  hard  and  is  unsatisfactory  for  many  purposes. 
Relatively  little  use  is  generally  made  of  these  springs,  but  a  few  of 
them  that  possess  medicinal  properties  have  been  developed  and  their 
waters  placed  on  the  market. 

The  following  is  a  list  of  springs  reporting  shipments  in  1902:^ 

Blackiston  Island  Diuretic  Mineral  Spring,  Blackiston  Island,  8t.  Mary  County. 

Biadensborg  Spa,  Bladensburg,  Prince  George  County. 

Carroll  Springs,  Forest  Glen,  Montgomery  County. 

Chattolanee  Springs,  Chattolanee,  Baltimore  County. 

Elim  or  Willmead  Spring,  Oxenhill,  Prince  (Jeorge  County. 

Mardela  Mineral  Spring,  Mardela,  Wicomico  County. 

Rock  Hill  Indian  Spring,  Rockville,  Montgomery  County. 

Roland  Park  Artesian  Well,  Roland  Park,  Baltimore  County. 

Takoma  Spring,  Takoma  Park,  Montgomery  County. 


aPeale,  A.  C,  Mineral  Rcsourc^sj  U.  S.  for  1W2,  U.  S.  Oeol.  Survey,  1904,  p.  996. 
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Of  these  springs  those  in  St.  Mary,  Prince  George,  and  Wicomico 
counties  are  from  Coastal  Plain  deposits.  The  remainder  are  probably 
from  the  crystalline  rocks  of  the  Piedmont  Plateau.  The  aggregate 
production  for  1902  is  given  as  488,228  gallons,  with  a  value  of  $45,100. 

STREAMS. 

The  small  streams  in  the  mountainous  regions  of  Mar^^land  are 
mainly  spring-fed  and  contain  in  their  upper  courses  very  pure  water. 
They  soon  become  contaminated,  however,  by  refuse  from  manufiu*- 
tories  and  villages  situated  along  their  courses,  and,  although  fre- 
(juentl}^  used  as  a  source  of  water  supply,  they  can  not  be  regarded  as 
a  desirable  source  of  water  for  domestic  use.  Moreover,  they  are 
often  highly  charged  with  silt. 

The  streams  of  the  Piedmont  and  Coastal  Plain  l)elts  are,  because 
of  the  relative  density  of  population  of  those  areas,  even  more  liable 
to  pollution  than  those  of  the  mountainous  area  and  are  seldom,  if 
ever,  desirable  sources  of  supply. 

WELLS. 

Allegheny  Plnteau, — The  Allegheny  Plateau  is  developed  only  over 
a  limited  area  in  the  extreme  western  part  of  the  State.  It  is  out  by 
the  Potomac  and  Youghiogheny  rivers  and  abounds  in  smaller  streams. 
Springs  are  also  common  in  this  region.  The  surface  waters  are  so 
abundant  that  the  relatively  small  population  depends  largely  on  natural 
water  supplies,  very  few  wells  being  sunk  except  in  the  river  IwttonLs, 
where  good  water  is  obtained  at  slight  depth.  Such  wells  as  have  been 
drilled,  however,  have  generally  procured  considerable  water  from  the 
shales  and  sandstones  of  the  Carboniferous  and  Devonian.  Several 
wells  in  the  synclines  or  basins  yield  flowing  water. 

Appalachian  MoiuUains, — There  are  a  few  wells  in  the  river  Iwt- 
toms  and  there  is  an  occasional  shallow  rock  well  in  the  limestone  or 
shale  valleys  in  the  Appalachian  Mountain  belt,  but  deep  wells  are 
lacking,  springs  constituting  almost  the  only  source  of  natural  supplv. 
Cisterns  are  sometimes  used. 

Piedmont  Plateaxi, — The  surface  of  the  Piedmont  Plateau  is  here, 
as  elsewhere,  made  up  of  more  or  less  deeply  weathered  and  jointed 
crystalline  rocks.  These  contain  considerable  water  in  the  aggregate, 
many  shallow  wells  deriving  their  supplies  from  their  weathered  upper 
portions,  while  other  wells  obtain  water  from  joint  fissures  at  greater 
depths.  The  occurrence  or  nonoccurrence  of  water  at  a  given  point 
can  seldom  be  predicted,  however,  because  of  the  great  variability  of 
the  governing  factors.  The  largest  supplies  are  obtained  from  these 
rocks  near  the  cities  of  Baltimore  and  Washington,  each  of  which  is 
discussed  separately. 


Barton  and  puller. ] 


MARYLAND. 


117 


Coastal  Plain. — ^The  Coastal  Plain  region  in  eastern  Maryland  pre- 
sents the  usual  general  structural  relations,  but  certain  local  features 
are  conspicuous.  The  Karitan  formation  merges  into  the  underlying 
Potomac  formation;  the  upper  marl  of  the  marine  Cretaceous  thins 
and  changes  to  more  clayey  beds,  and  only  the  middle  and  lower  mem- 
l>ers  continue  southward,  where  they  have  been  designated  the  Severn 
formation;  the  Pamunkey  greensand  marl  comes  in,  and  the  plateau 
areas  capped  by  the  Lafayette  formation  l)ecome  characteristic  fea- 
tures.    The  formations  are  as  follows: 

Coastal  Plain  formations  in  Maryland. 


Formation. 


CharacteristiCR. 


Columbia '  I^)ain8,  Hands,  and  gravels  on  terraces  . 

I^fayette '  Gravel,  sands,  and  loams 

Chesapeake '  >Sands,  clays,  infusorial  earth,  and  marl . 

Pamunkey Cilauconitic  marls  and  sands 

Si»vem Black  aiyillaceous,  carbonaceous  sands . 


Quateniary. 

Pliocene? 

Miocene. 

Eocene. 

Cretaceous. 


Magothy 
Potomac 


White  sands  and  brown  sandstones '  Cretaceous. 

I 

Clay,  sands,  and  gravels I  Early  Cretaceous. 


In  the  following  table  is  given  a  list  of  the  more  important  localities 
obtaining  deep  or  artesian  waters.  Baltimore  wells  are  not  given,  but 
are  considered  on  a  subsequent  page: 

StatiMirs  of  deep-well  localities  in  Marjflnnd. 


Range  of  depth. 


Locality. 


I. 


From—    To— 


Range  of  capacity 
per  minute. 


Feet. 


Agricultural  College 

Annapolis 

Bay  Ridge 

Bowie 

Bu.Hhwood 

(?am bridge,  6  welKs. . 

Chapel  Point 

(■laitjome  

Cornfield  Hartwr.... 

On  farm 

Crij*field 

Denton 


100 


Eajfton.  6  wells .. 

F<Hieral.*<burg 

Indian  Head 

fjaurel 

Li»  CompfH  store 

Leonard  town 

Marlboro 


240 
1,018 


102 


Fret. 
150 
201 
470 
384 
287 
370 
237 
440 
360 
370 

1.090 
359 


From— 

To— 

GaUoM. 

Gallons. 
5 

20 

0 

160 

each, 250 

Many 

Geologic  horizon  of  water. 


40 


600 
234  I 

I 

14Ki 
358 
300 
222 


200 
30 

each,  75 

20 

114 

10 

4 

2 

25 


Basal  Potomac. 

Magothy. 

Mid-Potomac. 

In  Potomac. 

Low  in  Pamunkey. 

Basal  Chesapeake. 
I  Basal  Pamunkey. 
I  Magothy,  in  Pamunkey. 
I  Ba.sal  Chesapeake. 

(Chesapeake,  Basal  Chesapeake. 

Magothy,  Potomac. 


jLow  in  Chewipeake,  Into  Pamunkey, 
Low  in  Si'veni? 


In  Chesapeake. 
In  Potomac. 
Ba.Hal  Potomac. 
Ba.sal  Chesapeake. 

Do. 
Magothy? 
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StcUistks  of  deep-weU  localities  in  Maryland — Continued. 


Locality. 


Range  of  depth. 


Range  of  capacity 
per  minute. 


From— 


MilesRIver  Neck  ("An- 
chorage") 

MileflRiverNeck(Long 
Point) 

Nanjemoy  (landing) . . 

Oakley 

Ocean  City 


Patnxent  River,  at  B. 
&  P.  R.  R. 


Piney  Point 

Rousby  on  Patuxent . . 

Rock    Point,    Charles 
County. 

St.  George  Island,  20 
wells. 

St.  Inigoes,  10  wells, 
"Jutland." 

Salisbury 


Solomons     Island,     2 
wells. 

Tilghman  I.sland 


Tunis  Mills,  on  Miles 
River  Neck. 


Fert. 


252 


To— 

From— 

Feet. 
2G5 

Oailons. 

195 

175 

305 

250 

152 

270 

240 

254 

270 

1 

365 

101 

258 
400 

10 

430 

Flows,  6 

To— 

Qallotis. 
15 


1 

7 

130 

20 

5(?) 
Many. 

3 
each, 2-6 


350 
each,  150 

Many. 


Geologic  horizon  of  water. 


In  Pamunkcy. 

Basal  Chesapeake. 

BaJuil  Pamunkey. 
Low  in  Pamankey. 
High  in  Chesapeake. 
Basal  Potomac? 

Basal  Chesapeake. 
Do. 
Do. 

Do. 

Do. 

High  in  Chesapeake. 
Basal  Chesapeake. 

Magothy? 
Do. 


WATER  HORIZONS. 

It  is  now  known  that  the  greater  part  of  the  entire  Coastal  Plain 
region  of  Maryland  is  underlain  b}^.  several  horizons  of  water-bearing 
beds.  The  distribution  of  wells  and  water  horizons  is  represented  in 
the  cross  sections  of  PI.  VII.  i 

The  gravels  and  sands  of  the  basal  beds  of  the  Potomac  formation 
that  lie  on  or  near  the  floor  of  crystalline  rocks  are  the  principal 
sources  of  water  for  wells  sunk  in  the  western  portion  of  the  Coastal 
Plain.  How  far  southeastward  this  water  horizon  may  extend  has  not 
been  determined,  but  probably  it  will  j'ield  water  in  many  areas  nearly 
to  the  Atlantic  coast.  To  the  east  and  south  the  dip  of  the  Potomac 
horizon  carries  it  to  a  great  depth,  but  there  are  several  strata  of 
water  in  higher  beds  in  the  Potomac,  and  in  other  formations  at  more 
moderate  depths.  The  easternmost  successful  wells  which  have  reached 
the  base  of  the  Potomac  formation  are  those  in  the  southeastern  portion 
of  the  Baltimore  region,  in  the  District  of  Columbia,  and  at  Middle- 
town,  in  Delaware,  all  of  which  are  only  a  few  miles  from  the  outcrop 
of  the  formation,  so  that  the  eastern  extension  of  the  basal  Potomac 
waters  is  not  known  over  a  very  great  breadth  of  territory.  The  fail- 
ure of  a  well  at  Sparrow  Point  to  find  water  in  the  basal  beds  indicates 
also  that  the  slieet  of  water  is  not  general  at  this  horizon. 
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The  water  horizons  lyinjf  at  various  distances  above  the  basal  beds, 
but  within  the  Potomac  formation,  have  been  extensively  explored  in 
the  vicinity  of  Washington  and  Baltimore,  where  they  appear  to  be 
widespread  and  satisfactorily  productive.  They  have  also  been  reached 
in  a  Marlboro  well  at  a  depth  of  216  feet,  and  in  a  well  at  Indian  Head 
at  459  feet.  A  well  at  Bowie  found  no  satisfactory  supply  of  water 
to  within  about  200  feet  of  the  base  of  the  formation,  nor  was  a  well 
on  Spesutie  Island  a  success,  though  it  appears  to  have  penetrated  the 
Potomac  beds  to  a  considerable  distance.  The  sands  of  the  Magoth}' 
formation,  which  underlie  the  Potomac,  appear  to  be  water  bearers 
over  a  wide  area  on  the  Eastern  Shore  of  Maryland,  as  is  probably 
indicated  by  wells  at  Claiborne,  Tilghman  Island,  and  Crisfield,  and 
possibly  also  at  Tunis  Mills.  They  underlie  the  central  area  of  the 
Western  Shore  southeast  of  a  line  from  Bowie  to  the  mouth  of  the 
Patapsco  River,  but  do  not  appear  to  yield  water  in  Marlboro,  Annap- 
olis, and  Bay  Ridge  wells.  A  boring  to  600  feet  at  Baston,  unfortu- 
nately, probabl}' did  not  thoroughly  test  this  horizon,  otherwise  we 
might  have  had  some  important  evidence  for  that  portion  of  the  Eastern 
Shore  region.  A  265-foot  well  on  Miles  River  Neck  appc^ars  to  draw 
its  water  from  a  horizon  in  the  Pamunkey  formation,  but  this  well  is 
the  only  indication  of  a  watt^r  horizon  in  these  formations  in  the 
Eastern  Shore  region.  In  wells  at  Colonial  Beach,  Va.,  and  at  Nan- 
jemoy,  Chapel  Point,  and  Rock  Point,  in  Charles  County,  the  basal 
Pamunkey  l)eds  3'ield  water  which  probably  underlies  much  of  south- 
ern Maryland  southeast  of  a  line  from  Herring  Bay  to  Liverpool  Point. 

The  basal  Chesapeake  water  horizon,  which  is  well  explored  in  Vir- 
ginia, yields  water  over  a  wide  area  in  the  southern  counties  of  the 
Western  Shore  at  depths  from  200  to  300  feet,  as  in  wells  at  Solomons 
Island,  Leonardtown,  Piney  Point,  St.  Inigoes,  and  St.  Georges 
Island.  At  Cornfield  Harbor  it  is  365  feet.  This  horizon  also  fur- 
nishes large  water  supplies  at  Denton,  Cambridge,  and  Le  Compt's 
store,  and  possibly  in  a  well  195  feet  deep  on  Miles  River  Neck,  on 
the  Extern  Shore.  It  was  not  found  at  Crisfield,  nor  in  a  deeper  bor- 
ing at  Easton,  although  the  associated  sandstone  bed  was  reported  at 
Easton.  The  higher  Chesapeake  horizons  are  important  in  New  Jersey 
and  Delaware,  and,  although  not  extensively  tested  in  southern  Mary- 
land, they  probably  underlie  a  considerable  area  of  the  Eastern  Shore. 
At  Easton  the  large  water  supply  in  wells  100  feet  deep  is  derived  from 
a  horizon  in  the  Chesapeake  formation  about  150  feet  above  its  base, 
and  the  Federalsburg  water,  which  lies  at  a  depth  of  234  feet,  is  either 
at  the  same  horizon  or  at  one  not  a  great  distance  above.  The  small 
showing  of  water  at  160  feet  at  Leonardtown  appeai-s  to  be  a  local 
occurrence,  for  it  was  not  reported  in  other  wells  to  the  east.  Unsatis- 
factory water  was  obtained  at  Salisl)ury  from  a  nuich  higher  horizon. 
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and  the  flow  of  fine  water  at  Ocean  City  is  from  a  still  higher  horizon  of 
the  Chesapeake  formation.  In  the  wells  at  and  near  Cambridge  and  at 
Crisfield  no  waters  were  reported  above  the  basal  Chesapeake  beds; 
so  we  must  conclude  that  the  higher  waters  do  not  extend  in  that 
direction. 

BAI.TIMORK  DISTRICT. 

GEOLOGY. 

Baltimore  lies  in  the  zone  in  which  the  crystalline  rocks  emerge  from 
beneath  the  Coastal  Plain  deposits.  Although  in  grejiter  part  it  is  built 
on  the  Potomac  fonnation,  the  depressions  of  Jones  and  Gwj^nns  falls 
are  excavated  to  the  crystalline  rocks,  and  these  rocks  rise  rapidh'  to 
constitute  the  surface  in  the  region  north  and  west  of  the  city.  The 
Potomac  formation  consists  of  its  usual  materials,  in  which  predomi- 
nate clays  of  various  colors  and  fine  sands.  Toward  its  base  there  are 
beds  of  coarse  sands  and  gravels,  and  at  the  base  an  almost  general 
occurrence  of  these  materials,  lying  on  a  floor  of  crystalline  rocks. 
Some  features  and  relations  of  these  basal  beds  are  shown  in  PI.  VIII. 
The  coarse  materials  contain  widel}'^  extended  sheets  of  water,  which 
have  been  tapped  by  man}^  well  borings  of  moderate  depth.  The 
rock  floor  slopes  rather  steeply  eastward,  at  a  rate  averaging  about  65 
feet  per  mile,  but  the  rate  appears  to  increase  locally  to  100  feet  along 
by  the  Basin.  The  basal  gravels  pass  beneath  tide  water  along  a  line 
extending  from  the  lower  Baltimore  and  Ohio  Railroad  bridge  over 
Gwynns  Falls  to  the  Fayette  Street  Bridge  over  Jones  Falls,  and  then(*e 
due  east-northeastward.  The  principal  water  supplies  are  found  south 
of  this  line,  for  in  the  area  to  the  north  the  waters  are  free  to  flow 
laterally  into  the  depressions  of  Jones  and  Gwynns  falls.  The  bjisiii 
gravels  emerge  in  the  northern  portion  of  the  cit3%  although  in  some 
areas  they^  are  overlain  by  a  thin  cap  of  gravels  and  loams  of  earlier 
(Columbia)  age.  They  cap  the  Druid  Hill  Park  region,  the  ridges  for 
some  distance  out  Charles  street,  Roland  avenue,  and  York,  Harford, 
and  Belair  roads,  and  the  high  region  about  Catonsville.  In  these 
outlying  extensions  the  basal  gravels  constitute  a  capping  on  the 
crystalline  rocks  which  averages  from  10  to  30  feet  in  thickness. 
The  principal  structural  relations  are  shown  in  the  sections  on  PI.  VIH. 
On  Patapsco  River  Neck  the  Potomac  formation  rapidly  thickens  as  the 
crystalline  rock  floor  descends  to  the  east,  and  at  Sparrow  Point  its 
thickness  was  found  to  be  500  feet.  The  higher  ridge  which  extends 
along  the  northern  portion  of  this  neck  is  capped  ])y  a  thin  mantle  of 
earlier  Columbia  gravels  and  loams,  and  the  lower  terraces  consist  of 
later  Columbia  loams  and  sands,  with  some  gravel  in  the  lower  l)eds. 
These  formations,  however,  are  not  involved  in  the  question  of  the 
deejier  water  suppl}'. 
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The  crystalline  rocks  present  considerable  variety  of  materials,  but 
gneiss  and  granite,  or  "gray  stone,"  and  ''nigger  head,"  or  gabbro, 
are  the  most  conspicuous  varieties.  They  are  all  considerably  Hssured 
and  often  deeply  decomposed  along  fissures  or  veins  of  moderate  width 
and  extent.  The  fissures  or  veins  are  usually  nearly  vertical  and 
extend  from  northeast  to  southwest.  They  are  water-bearers  in  greater 
or  less  measure,  but  their  distribution  and  extent  have  not  been  deter- 
mined, except  in  the  case  of  the  one  along  Belair  road;  which  has  been 
tested  for  a  short  distance. 

WATER  HORIZONS  AND  WELL  PROSPECTS. 

Canton. — ^The  wells  in  Canton  indicate  the  presence  of  seveml  widely 
extended  sheets  of  water  bearing  gravels,  the  upper  layers  of  which 
are  interbedded  between  sheets  of  clay  and  fine  sand,  the  lower  bed 
lying  on  the  floor  of  crystalline  rocks.  The  dip  is  to  the  southeast  at 
rate  of  about  60  feet  per  mile.  In  PI.  VIII  the  first  section  lies  along 
Clinton  street  from  Highlandtown  to  Thirteenth  avenue  and  across 
Patapsco  River  to  Seawall.  The  three  principal  water  horizons  are 
lettered  A,  B,  and  C.  They  occur  from  the  bed  rock  up  at  intervals 
that  average  40  feet. 

There  are  several  wells  north  of  Canton,  at  Highlandtown,  which 
yield  large  water  supplies.  At  the  National  Brewery  there  are  two 
wells  to  240  and  450  feet,  and  at  Gunther's  brewery  two  wells  to 
:>()7  and  208  feet.  The  waters  at  207  and  240  feet  are  probably  in 
basal  Potomac  beds,  or  at  Horizon  A,  as  shown  in  section  1,  PI.  VIII. 
At  Schluderberg's  packing  house  a  well  yields  water  at  135,  160,  and 
t^lO  feet,  and  the  160-foot  or  third  horizon  was  tested  to  150  gallons  a 
minute.  The  basal  beds  of  the  Potomac  formation  probably  carry  the 
water  found  at  210  feet. 

East  Balthnw^e^  from  Canton  to  the  Basin, — There  are  only  a  few 
wells  in  the  vicinity  of  Jones  Falls,  and  they  are  not  very  successful, 
but  from  the  foot  of  Patuxent  street  to  Ann  street  there  are  25  wells, 
nearly  all  of  which  are  large  producers  of  excellent  water.  The 
average  depth  is  between  80  and  120  feet,  and  the  principal  water 
horizon  is  B  of  the  Canton  region,  but  A  and  C  also  are  found. 
Section  2  of  PI.  VHI  illustrates  the  principal  relations. 

The  large  water  supply  found  in  the  basal  Potomac  beds.  Horizon  A, 
appears  to  extend  to  the  north  and  west,  but  it  was  not  reported  half 
a  mile  southeast.  The  greater  number  of  the  wells  in  this  district  find 
abundance  of  water  in  Horizon  B,  about  40  feet  above  the  basal  beds. 

What  appear  to  be  the  sea  horizons  of  the  Canton  region  yield  water 
in  places. 

In  the  region  immediately  adjoining  Jones  Falls  and  for  some  dis- 
tance to  the  west  on  the  north  side  of  the  Basin  deep  wells  do  not  yield 
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satisfactory  water  supplies  on  account  of  the  proximity  of  the  basal 
and  lower  Potomac  beds  to  the  surface.  Sevei'al  wells  have  penetrated 
the  crystalline  rocks  and  found  a  fair  supply  of  satisfactory  water. 

Region  between  the  Basin  and  the  harbor  and  Middh  Branch, — There 
are  several  wells  along  the  north  side  of  Locust  Point  from  the  Basin 
to  Fort  McHenry,  which  yield  satisfactory  water  supplies  from  the 
Potomac  horizons. 

Probably  Horizons  B  and  C  underlie  all  of  the  Locust  Point  region, 
and  Horizon  A,  in  the  basal  beds,  may  possibly  occur  at  some  localities 
southeast  of  the  Federal  Hill  region. 

On  the  Ferry  Bar  peninsula  there  are  a  few  widely  scattered  wells, 
which,  however,  indicate  that  the  favorable  conditions  in  Canton  and 
on  Locust  Point  continue  to  the  west,  and  that  abundant  waters  may 
be  obtained  in  Horizons  C,  B,  and  A.  The  shallower  waters  are 
unsatisfactory  in  quality,  but  the  deeper  waters  give  no  scale  in  boilers 
and  occur  in  large  amounts. 

Between  the  Basin  and  Ridgely  Cove  a  number  of  attempts  have 
been  made  to  obtain  water  from  the  crystalline  rocks,  with  varying 
degrees  of  success. 

Re/jixm  from  BrooMyn  to  Curtis  Bay, — The  successful  group  of  wells 
at  Seawall  and  at  South  Baltimore  (Curtis  Bay)  indicates  a  wide  and 
general  extension  of  the  Potomac  waters  under  the  Curtis  Bay-Patapsco 
Kiver  peninsula.  The  Seawall  water  at  217  feet  appears  to  represent 
Horizon  C.  The  562-foot  boring  at  Seawall  no  doubt  demonsti^atcs  the 
absence  of  water  in  the  basal  Potomac,  or  Horizon  A,  in  that  vicinity, 
and  also  in  the  underlying  crystalline  rocks. 

Region  southeaat  of  Canton  to  Sparrow  Point, — The  wells  of  St. 
Helena,  Dundalk,  and  Sparrow  Point  are  included  under  this  heading. 
Their  relations  are  shown  in  section  2,  PI.  VIII.  The  wells  at  St.  Helena 
are  probably  in  Horizon  C,  and  the  water  at  230  feet  at  Dundalk  is 
thought  to  be  in  Horizon  B,  which  probably  would  have  been  found 
at  200  feet  at  St.  Helena.  The  120-foot  water  at  Dundalk  is  possibly 
the  deepest  water  of  Sparrow  Point. 

The  Sparrow  Point  wells  are  a  most  satisfactory  group  of  water 
producers.  Their  principal  supply  is  obtained  at  a  depth  of  125  feet 
from  a  horizon  high  in  the  Potomac  formation,  for  a  well  sunk  to  a 
depth  of  495  feet  just  reached  the  granite  bed  rock.  In  this  deep  well 
no  water  was  found  below  210  feet,  which  indicates  that  the  lower 
water  horizons  do  not  extend  far  eastward  in  this  region.  The  one 
well  which  draws  lUO  gallons  a  minute  from  a  depth  of  210  feet  obtains 
its  supply  from  a  horizon  which  can  not  be  definitely  correlated  with 
those  of  wells  farther  northwest. 

Northeast  Baltimore, — Several  breweries  in  this  section  of  the  cit}' 
have  deep  wells,  some  of  which  yield  satisfactory  water  supplies. 
They  all  penetrate  the  crystalline  rocks  and  obtain  water  from  fissures 
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or  dei-om|x>se(l  portions  of  those  ro<'ks  in  fair  supply,  but  when  wells 
were  sunk  to  JUi")  and  400  feet  at  the  Bauernschniidt  brewery,  a  block 
soutliwest,  the  supply  at  once  diminished  to  a  very  small  amount.  The 
well  at  the  Brehni  brewer}^  which  is  some  distance  east  of  the  Belair 
ix)ad  and  several  squares  beyond  North  avenue,  was  sunk  in  the  rock 
to  a  depth  of  1,300  feet  without  finding  water,  but  it  is  considerably 
east  of  the  line  of  the  other  wells. 

The  Darle}'  Park  Brewery  wfell,  on  the  Harford  road,  three  sijuares 
north  of  North  avenue,  is  west  of  the  Belair-Gay  street  line  of  wells. 
The  watei-s  from  these  wells  differ  considerably  in  character,  but  in 
tffreater  part  they  are  satisfactory  for  boilers  and  drinking,  although 
in  some  cases  the  water  is  too  ferruginous  for  general  use. 

]Vtste?m  part  of  BaJtinwre, — Except  the  well  at  the  Lipp  Soap 
Works,  at  Hollins  street  and  Calverton  Road,  no  specific  data  for  borings 
in  the  western  part  of  Baltimore  are  at  hand.  The  soap  works  wells  are 
in  crystalline  rocks  and  reach  a  vein  or  fissure  which  3nelds  a  good 
supply  of  water  of  excellent  quality. 

PRIInXIPAI.  PUBIilCATIOKS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey 
No.  :52,  pp.  51-53. 

Artt-sian-well  prospects  in  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton: 
F>ull.  r.  S.  (ieol.  Survey  No.  138,  pp.  124-155. 

rn.4iniinary  list  of  deep  Iwrings  in  the  Uniteil  States,  pt.  1,  by  N.  H.  Darton: 
Wat€»r-Supply  and  Irrij^.  Paper  U.  S.  Geol.  Survey  No.  57,  p.  50. 

Water  rei^onrces  of  the  Accident  and  (Trantsville  quadrangles,  Maryland,  by  G.  C. 
Martin:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110, 1905,  pp.  168-170. 

Water  resources  of  the  Frostburg  and  Flintstone  quadrangles,  Maryland  and  West 
Virginia,  by  G.  C.  Martin:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110, 
P.K)5,  pp.  171-173. 

Description  of  the  Fredericksburg  quadrangle,  Maryland  and  Virginia,  by  N.  H. 
Darton:  (reol.  Atlas  U.  S.,  folio  13,  U.  S.  Geol.  Survey. 

IX'scription  of  the  Nomini  quadrangle,  Maryland  and  Virginia,  by  N.  H.  Darton: 
(ieol.  Atlas  U.  S.,  folio  23,  U.  S.  Geol.  Survey. 

De«!ription  of  the  Washington  quadrangle,  Maryland,  District  of  Columbia,  and 
Virginia,  by  N.  H.  Darton  and  A.  Keith:  Geol.  Atlas  U.  S.,  foho  70,  U.  S.  Geol. 
Survey. 


DISTRICT  OF  COLUMBIA. 


By  N.  II.  Darton  and  M.  L.  Fuller. 


GKOLOGY. 


The  District  of  Columbia  extends  across  the  zone  in  which  the  crvs- 
talline  rocks  emerge  from  beneath  the  Coastal  Plain  deposits  and  rise 
into  the  Piedmont  Plateau  to  the  west.  The  contact  line  crosses  the 
Potx)mac  River  at  Washington,  passes  through  the  western  portion 
of  the  city,  and  extends  northward  along  the  east  side  of  Ko<*k 
Creek  Valley.  The  formation  that  lies  on  the  cr^^stalline  rocks  is  the 
Potomac,  which  consists  mainly  of  water-bearing  sands  and  gravels 
below  and  of  clay  and  fine  sands  above.  The  Potomac  formation  has 
in  all  a  thickness  of  about  700  feet,  and  outcrops  in  a  l)elt  from  7  to  >S 
miles  wide,  which  extends  eastward  high  up  the  slopes  on  the  east 
side  of  Anacostia  River.  In  these  slopes  it  is  surmounted  by  younger 
formations,  consisting  of  a  succession  of  the  thin  western  edges  of  the 
dark  sandy  clays  of  the  Severn  fonuation,  the  impure  marl  of  the 
Pamunkey,  the  gray  clays  of  the  Chesapeake,  and  the  gravels  of  the 
Lafa^'^ette.  Washington  is  situated  on  a  series  of  broad,  low  terraces 
cut  in  Potomac  sands  and  clays  and  across  the  edge  of  this  formation 
into  the  crystalline  rocks. 

This  series  of  terraces  and  its  extension  along  all  the  lower  land  of 
the  District  is  capped  by  from  20  to  35  feet  of  gnivelly  sands  and 
loams  of  the  Columbia  formation.  In  the  three  sections  in  PI.  IX  a 
fairly  clear  representation  is  given  of  the  structure  of  the  Washington 
region.  It  is  in  Good  Hope  Ilill  that  the  Potomac  formation  pjtsses 
under  the  Severn,  Pamunkey,  Chesapeake,  and  Lafa^^ette  formations, 
as  shown  in  section  2,  but  there  are  also  small  outlying  areas  of  the 
Chesapeake  and  Lafayette  formations  on  the  high  lands  of  Soldiers' 
Home  Park  and  the  ridge  which  extends  to  Tenley. 

WATT3R  HORIZONS  AXD  PROSPECTS. 

Waters  of  the  cryHtnlllne  rocks. — Under  this  head  are  included  the 
waters  of  the  consolidated  rocks  of  the  Piedmont  Plateau  portion  of 
the  District.  These  rocks  comprise  granite-gneiss,  biotite-granite, 
diorite,  etc.,  and  are  generally  deeply  weathered  and  cut  by  numerous 
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joints.  The  disintegrated  nature  of  the  outcrops  is  favorable  to  the 
absorption  of  considerable  quantities  of  water  and  the  broken-up  rock 
acts  as  a  filter.  In  general,  the  area  of  the  consolidated  rocks  is  rela- 
tively thinly  settled  and  little  demand  is  made  on  it  for  water  supplies, 
except  by  shaHow  wells.  The  few  deep  wells  that  have  been  put 
down,  however,  show  that  moderate  amounts  of  good  water  can 
frequently  be  obtained,  although,  because  of  variations  in  the  density 
of  the  rock  and  in  the  number  of  joint  fissures,  the  conditions  are  far 
from  constant. 

The  surface  of  the  consolidated  rocks  slopes  southeastward  from 
Rock  Creek,  where  it  is  exposed  at  an  elevation  of  200  feet,  at  an 
average  rate  of  110  feet  to  the  mile.  It  lies  at  a  depth  of  about  100 
feet  below  tide  level  in  the  center  of  the  District  and  of  about  600 
feet  at  the  southeastern  boundary.  The  crystalline  rocks  are  not 
depended  upon  as  a  source  of  water  east  of  Rock  Creek  because  of 
the  greater  quantities  that  are  found  in  the  sedimentary  beds  that 
overlie  them  in  this  region. 

Waters  of  the  sedimentary  rocks. — All  of  the  sedimentary  formations 
carry  more  or  less  water,  but,  except  in  the  case  of  the  Potomac,  the 
flows  are  small  and  the  quality  is  not  the  best.  This  is  especially  true 
in  the  isolated  areas  capping  the  hills  of  crystalline  rocks,  even  the 
Potomac  frequently  failing  in  such  localities. 

The  Potomac  is  the  principal  water-bearing  formation  of  the  area; 
it  constitutes  the  surface  material  over  most  of  the  Coastal  Plain 
portion  of  the  District,  having  a  catchment  area  from  6  to  8  miles 
in  width.  Its  base  rests  on  the  crystalline  rocks,  dipping  southeast- 
ward with  the  latter.  Its  total  thickness,  as  pointed  out,  is  about  700 
feet. 

The  deeper-seated  underground  waters  have  been  tapped  by  a  suffi- 
ciently large  number  of  wells  in  the  District  to  demonstrate  the  almost 
general  extension  of  water-bearing  beds  in  the  basal  and  lower  bed  of 
the  Potomac  formation,  and  there  is  often  a  fair  prospect  for  finding 
water  in  the  crystalline  rocks.  The  wells  that  did  not  find  a  satisfac- 
tory water  supply  in  the  basal  Potomac  beds  are  at  the  Ice  Works  at  a 
depth  of  360  feet,  and  at  the  Mount  Vernon  Apartment  House  at  138 
feet.  On  the  other  hand,  the  St.  Elizabeth,  Metropolitan  Railroad 
power  house,  Palais  Royal,  Eckington,  Washington  Brewery,  and 
National  Capitol  Brewery  wells  obtain  large  supplies  from  that  hori- 
zon. In  surface  outcrops  the  basal  Potomac  beds  are  usually  coarse 
sands  and  gravels,  which  are  filled  with  water,  but  there  are  some 
local  areas  in  which  there  is  a  clay  matrix,  or  even  pure  clay,  extend- 
ing down  to  the  crystalline  floor.  This  was  found  to  be  the  case  at 
the  Mount  Vernon  Apartment  House,  while  at  the  Palais  Royal,  three 
squares  southwest,  the  basal  beds  were  coarse  sands  and  gravels  con- 
taining much  water.     In  the  380-foot  well  at  the  Ice  Works  coarse 
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bisal  beds  were  found,  but  they  contain  no  large  supply  of  water.* 
This  leads  to  the  conclusion  that  the  waters  are  in  part  choked  off 
toward  the  north  by  a  local  area  of  clayey  beds  which  does  not  influ- 
ence the  wells  at  the  breweries  near  by. 

Besides  the  basal  sands  and  gravels  of  the  Potomac  there  are  beds 
of  sand  or  gravel  at  several  other  horizons,  especially  near  the  top. 
Although  of  somewhat  uncertain  persistence  and  character  they  are  so 
numerous  that  good  flows  can  generally  be  obtained  at  or  even  consid- 
erably above  sea  level.  As  these  beds  occur  in  the  District  only  near 
its  southeastern  border  they  are  not  here  important  sources  of  water, 
the  underground  water  supply  of  the  District  being  derived,  as  stated, 
mainly  from  the  lower  beds. 

In  general  the  dip  of  the  Potomac  formation  corresponds  roughly 
with  the  slope  of  the  surface  of  the  underhnng  cryvstalline  rocks, 
decreasing  from  an  elevation  of  200  feet  above  sea  level  just  east  of 
the  Zoological  Park  to  sea  level  in  the  vicinity  of  New  Hampshire  ave- 
nue, 200  feet  below  sea  level  at  the  Capitol,  300  feet  at  Lincoln 
Park,  400  feet  near  Anacostia  River,  and  600  feet  at  the  District  line; 
hence  there  is  a  constant  increase  southeastward  in  the  depths  to 
which  wells  must  be  sunk  to  the  water-bearing  beds. 

In  general  it  may  be  said  that  the  prospects  are  good  for  obtaining 
supplies  from  the  basal  beds  of  the  Potomac,  while  there  is  always  an 
additional  chance  of  finding  water  in  the  overlying  beds,  as  at  the  ice 
works.  Notwithstanding  the  density  of  the  population  of  almost  the 
entire  catchment  area  in  the  District,  the  organic  impurities  of  the 
water  are  largely  oxidized  and  removed  in  consequence  of  the  natural 
flltration  through  the  soil  and  sands,  so  that  the  supply  from  deep  wells 
is  usually  satisfactor}^  as  i^egards  purity. 

Mineral  springs. — Springs  are  fairly  numerous  in  the  District  of 
Columbia,  but  in  general  consist  only  of  small  seeps  from  the  disinte- 
grated crystalline  rocks  or  from  the  sandy  portions  of  the  Coastal  Plain 
formations.  A  number  have  l)een  developed,  however,  and  wat-er  to 
the  amount  of  212,100  gallons,  with  a  value  of  $12,105,  was  placed  on 
the  market  in  1902. «    These  are  listed  below: 

Columbia  Natural  Lithia  Spring,  Wasliington. 
Crystal  Spring,  Washington. 
Gitcliie  Crystal  Spring,  Benning. 
Laurelwood  Spring,  Mount  Pleasant. 

PRIIsrCIPAIi  PUBIilCATIONS. 

.  Artesian-well  prosiHJots  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 
U.  S.  Geol.  Survey  No.  138,  pp.  155-161. 
Description  of  the  Washington,  D.  C,  quadrangles,  l)y  N.  11.  Darton  and  A.  Keith: 
Geol.  Atlas  of  U.  S.,  folio  70,  U.  S.  C4eol.  Survey. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 


VIRGINIA. 


Bv  N.  H.  Darton  and  M.  L.  Fuller. 


PHYSIOGRAPHIC  DIVISION8. 

There  are  four  well-deiined  geologic  and  topographic  belts  in  Vir- 
ginia: (1)  The  Coastal  Plain,  (2)  the  Piedmont  Plateau,  (3)  the  Appa- 
lachian Mountain  belt,  and  (4)  the  Cumberland  Plateau.  The  fitst 
three  are  prolongations  of  the  belts  of  the  same  pame  in  Maryland, 
with  which  they  agree  in  character.  The  fourth  corresponds  in  a  gen- 
eral way  with  the  Allegheny  Plateau  of  Pennsylvania  and  Maryland, 
although  its  surface  was  not  produced  at  the  same  geologic  period. 

GEOIiOGY  AND  WATER  HORIZONS. 

COASTAL  PLAIN. 
GEOLOGY. 

The  Coastal  Plain  region  of  Virginia  lies  east  of  a  line  which  passes 
through  Alexandria,  Fredericksburg,  Bothwell,  Richmond,  Petersburg, 
and  Emporia,  comprising  an  area  of  about  9,500  square  miles.  This 
district  is  traversed  from  northwest  to  southeast  by  a  series  of  great 
rivers,  which  divide  it  into  a  succession  of  long  ridges.  These  ridges 
are  remnants  of  a  plateau  surface  which  slopes  from  an  altitude  of  from 
300  to  200  feet  at  the  western  margin  of  the  Coastal  Plain  to  an  altitude 
of  about  100  feet  on  its  eastern  margin.  The  larger  rivers  are  tidal 
estuaries  that  occupy  low  valleys  and  meander  through  wide  terrace 
plains.  Chesapeake  Bay  is  widely  bordei*ed  by  these  interstream 
terraces,  while  the  Eastern  Shore  of  Virginia,  which  lies  east  of  the 
l>ay,  is  a  low  plain,  as  is  also  the  wide  area  which  lies  between  Dismal 
Swamp  and  the  Atlantic  Ocean. 

The  geologic  structure  of  the  region  is  in  general  similar  to  that  of 
eastern  Maryland,  but  there  are  certain  differences  in  the  stratigraphy. 
In  the  outcrop  zone  the  Potomac  formation  becomes  predominantly 
sandy  and  the  Severn  and  Magothy  sands  are  absent,  so  that  the 
Pamunkey  marls  lie  directly  on  the  surface  of  the  Potomac  beds.  Far 
eastward,  under  the  bay  and  the  Eastern  Shore,  there  is  probably 
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presented  the  same  sequence  that  is  found  in  Maryland.  The  Chesa- 
peake formation  extendn  farther  westward  in  southern  Virginia  and 
often  overlaps  on  the  cr^'stalline  rocks.  In  the  sections,  PI.  X,  there 
are  shown  the  general  structural  relations  in  Virginia  so  far  as  they 
are  known.  The  Coastal  Plain  formations  that  outcrop  in  the  State 
are  as  follows: 

CoasUd  Plata  formations  in  Virginia, 


Formation. 

CharacteriHtics. 

Age. 

Columbia 

Loams,  sands,  and  gravels  in  terraces . . 

Orange  sands,  loams,  and  gravels 

Clays,  sands,  infusorial  earth,  and  marl. 
Glauconitic  marls  and  sands 

Pleistocene. 

Lafayette 

Pliocene? 

Chesapeake 

Paniunkey 

Potomac 

Miocene. 
Eocene. 

Sands,  sandstone,  and  clays 

Early  Cretaceous. 

WATER  HORIZONS. 

The  greater  part,  if  not  all,  of  the  Coastal  Plain  region  of  Virginia 
is  underlain  by  water-bearing  strata,  of  which,  to  the  east,  there 
are  several  horizons.  The  failures  to  obtain  the  higher  water  in  some 
of  the  wells  near  the  bay  indicate  that  in  this  area  at  least  there  are 
no  good  water  supplies  in  the  higher  horizons,  but  the  waters  of  the 
lower  horizons  have  not  yet  been  fully  developed.  The  success  of  the 
new  well  at  Fort  Monroe  definitely  proves  the  existence  of  one  of  these. 
The  failure  of  a  single  well,  as  at  North  End  Point,  does  not  always  dis- 
prove the  existence  of  a  water  horizon,  for  in  man}^  instances  water 
has  been  passed  unnoticed,  or  willfully,  by  well  borers. 

The  principal  water  horizons  in  eastern  Virginia  are  the  Chesapeake, 
the  Pamunkey,  and  the  Potomac. 

Potmiiac, — There  is  more  or  less  water  in  all  of  the  coarser  sand  beds 
of  the  Potomac  formation,  but  the  principal  supplies  may  be  expected 
from  the  sands  and  gravels  of  the  basal  members  lying  on  the  basement 
floor  of  crystalline  rocks.  This  horizon  has  yielded  much  water  about 
Washington,  Alexandria,  Quantico,  and  Walkerton,  It  is  prolwibly  a 
strong  water-bearer  throughout  a  wide  extent  Its  general  relations 
are  shown  in  PI.  X. 

Water  occurs  at  various  horizons  in  the  Potomac  formation  above 
the  basal  beds  in  sands  interbedded  among  the  clays.  This  water  is 
an  important  source  of  supply  in  the  District  of  Columbia  and  at 
Barrow,  near  Quantico,  but  elsewhere  it  has  not  been  fully  tested. 

Pamunkey, — The  coarse  gravel  and  sand  at  the  base  of  this  forma- 
tion appears  to  be  a  water-bearer  throughout  a  considerable  area,  fur- 
nishing supplies  at  Naylors  Wharf,  Chapel  Point,  Md.,  Colonial  Beach, 
Lester  Manor,  and  Whitehouse. 
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The  meager  supply  of  water  in  the  Clay  Bank  well  and  the  failure 
of  the  deeper  borings  at  Williamsburg  and  Gloucester  probably  indi- 
cate the  eastern  limits  of  the  horizon  as  a  water-bearer.  It  may 
extend  under  all  of  the  region  south  of  the  James  River,  although 
none  of  the  wells  appear  to  have  been  bored  sufficiently  deep  to  reat*h 
it.  It  is  to  be  expected  that  toward  the  east  the  materials  at  this 
horizon  finally  become  too  fine-grained  to  carry  water,  and  the  eastern 
limit  of  conditions  favorable  for  water  bearing  appears  to  be  at  Clay 
Bank,  on  York  River. 

Water  also  occurs  in  sands  in  the  Pamunkev  formation  about  UO 
feet  above  its  base,  as  is  indicated  by  the  water  at  IGO  feet  at  Colonial 
Beach,  and  at  275  to  325  feet  at  Naylors  Wharf;  but  as  it  has  not  been 
further  explored  by  other  wells,  its  extent  can  not  be  discussed. 

Chesapeake. — Lying  between  the  clays,  mails,  and  fine  sands  of  the 
Chesapeake  formation  and  the  top  of  the  Pamunkey  formation  there 
is  a  series  of  sands  and  gravels  which  may  be  regarded  as  the  basal 
bed  of  the  Chesapeake  formation.  Toward  the  east  this  series  con- 
tains thin  interstratified  rock  sti*ata,  which  do  not  ap{)ear  in  the  sur- 
face outcrops.  In  this  series,  and  in  another  similar  one  not  far 
alx)ve,  there  is  a  large  volume  of  water,  at  a  horizon  or  horizons 
which  appear  to  be  of  wide  extent  in  eastern  Virginia.  These  waters 
have  been  explored  by  many  wells  and  have  been  found  to  underlie  a 
belt  of  country  about  20  miles  wide  lying  east  of  a  nearly  straight 
line  extending  from  Mathias  Point,  on  the  Potomac  River,  to  Emporia, 
on  the  Atlantic  Coast  Line  Railroad. 

Basal  Chesapeake  waters  were  apparently  absent  in  the  North  Knd 
Point,  Fort  Monroe,  Dendron,  Clay  Bank,  and  Gloucester  wells.  The 
wells  at  Crisfield,  Md.,  found  no  appreciable  supply  of  water  in  the 
basal  Chesapeake  beds. 

There  are  several  higher  water  horizons  in  the  Chesapeake  forma- 
tion, and  it  is  believed  that  certain  wells  at  Franklin,  Zuni,  Bowlers 
Wharf,  and  Mount  Carmel  draw  water  from  Chesapeake  beds  that  lie 
about  100  feet  above  the  base  of  the  formation. 

WELLS. 

The  occurrence  of  the  underground  waters  is  well  brought  out  by 
the  list  of  some  of  the  more  important  wells  of  the  Coastal  Plain  pre- 
sented in  the  following  table.  It  will  be  noted  that  the  supply  per 
minute  and  the  bed  from  which  the  water  is  obtained  is  indicated  in 
each  case. 
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The  meager  supply  of  water  in  the  Clay  Bank  well  and  the  failure 
of  the  deeper  borings  at  Williamsburg  and  Gloucester  probably  indi- 
cate the  eastern  limits  of  the  horizon  as  a  water-bearer.  It  may 
extend  under  all  of  the  region  south  of  the  James  River,  although 
none  of  the  wells  appear  to  have  })een  Iwred  sufficiently  deep  to  reach 
it.  It  is  to  be  expected  that  toward  the  east  the  materials  at  this 
horizon  finally  become  too  tine-grained  to  carry  water,  and  the  eastern 
limit  of  conditions  favorable  for  water  tearing  appears  to  be  at  Clay 
Bank,  on  York  River. 

Water  also  occurs  in  sands  in  the  Pamunkev  formation  about  90 
feet  above  its  base,  as  is  indicated  by  the  water  at  100  feet  at  Colonial 
Beach,  and  at  275  to  326  feet  at  Nayloi-s  Wharf;  but  as  it  has  not  been 
further  explored  by  other  wells,  its  extent  can  not  l>e  discussed. 

Chesapeake. — Lying  between  the  clays,  mai'ls,  and  line  sands  of  the 
Chesapeake  formation  and  the  top  of  the  Pamunkev  formation  there 
is  a  series  of  sands  and  gravels  which  may  ]>e  regarded  as  the  basal 
bed  of  the  Chesapeake  formation.  Toward  the  east  this  series  con- 
tains thin  interstratiiied  rock  strata,  which  do  not  ap];x?ar  in  the  sur- 
face outcrops.  In  this  series,  and  in  another  similar  one  not  far 
above,  there  is  a  large  volume  of  water,  at  a  horizon  or  horizons 
which  appear  to  be  of  wide  extent  in  eastern  Virginia.  These  waters 
have  been  explored  by  many  wells  and  have  been  found  to  underlie  a 
belt  of  country  about  20  miles  wide  lying  east  of  a  nearly  straight 
line  extending  f ix)m  Mathias  Point,  on  the  Potomac  River,  to  Emporia, 
on  the  Atlantic  Coast  Line  Railroad. 

Basal  Chesapeake  waters  were  apparently  absent  in  the  North  End 
Point,  Fort  Monroe,  Dendron,  Clay  Bank,  and  Gloucester  wells.  The 
wells  at  Crisfield,  Md.,  found  no  appreciable  supply  of  water  in  the 
basal  Chesapeake  beds. 

There  are  several  higher  water  horizons  in  the  Chesapeake  forma- 
tion, and  it  is  believed  that  certain  wells  at  Franklin,  Zuni,  Ik>wlers 
Wharf,  and  Mount  Carmel  draw  water  from  Chesapeake  beds  that  lie 
about  100  feet  atiove  the  base  of  the  formation. 

WELLS. 

The  occurrence  of  the  underground  waters  is  well  brought  out  by 
the  list  of  some  of  the  more  important  wells  of  the  Coastal  Plain  pre- 
sented in  the  following  table.  It  will  be  noted  that  the  supply  per 
minute  and  the  bed  from  which  the  water  is  obtained  is  indicated  in 
each  case. 
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Partial  list  of  d^ep  veils. 


Ixjcution. 


Alexandria  Brewer>' . 

Alexandria    Ice 
WorkH. 

Arringdale,  2  wellK.. 


AMliland 

Do.. 

Barrow . 


Depth. 


Belle vue,  2  wells 

Both  well 

Bowlers  Wharf . . 

Carters  Creek 

Clay  Bank 

Clifton,  2  wellH . . 


Coan.  8  wells 

Coan,  1  well . 
Coles  Point.. 


Colonial    Beach,    5 
wells. 

Courtland,  80  welhs. . 

Cowart 

DItchley 

Dendron 


Dudleys     Ferry,     4 

wells. 

Dymer  Creek 


Fairport 

Fort  MonriK" 

Fort  Monroe,  Cham- 
berlln  Hotel. 

Franklin,  16  wells... 

(JabelsMill 


Gloucester    Court 
House. 


Homewood,  5  wells. 


Jamestown 

King  and  Queen 

Kinsale 

Lancaster 

Do 

Lester  Manor, 3  wells. 

Lewisetta 

Little  Plymouth 

Monaskou 

Monatlco  Creek 

Mount      Carmel 
Church. 

Naylors 


Feci. 
430 
401 

75 

7a 
100 
195 

212 
300 
143 
330 
538 
175 

270 

315 
220 
250 

160 
288 
620 
386 
175 

507 

893i 

907 

915 

130 
226 
600 

817 

112 

248 

200 

235 

250 

2S.')? 

200 

8174 

168 

255 

250 

190 

386 


Size. 


In. 

8 
8 


n 


Capacity  per 
minute. 


OaUottft. 

90 
20 

Flows  10 

Many. 
Many. 
Many. 

Flows  16  to  20 
20 


li 


n 


3 
2 


li 
2 

14 


Flows  2 

Flows  10  to 
12. 

Flows  21 

15 
3 
5 

30 

Flows  2 

Flows  2 

None. 

Flows  10 

Flows  7 

Flows  2 

None. 

Flows  50 

Many. 

Flows  -20 

None. 

Flows  30 


Fair  supply. 

Plows  2J 
Flows  1 
5 
Flows  12 


U 


Flows  12 
Flows  2 


Flows  2 
Flows  IJ 

Flows  3 


Heieht 
to  wnich 
water 
rises." 


Feet. 


-12 


+10 


-4i 


Horiztm. 


Basal  Potomac. 


Remarks. 


Granite?  ... 

(iranite 

In  Potomac 


H-4to+6 

--7 

Flows. 

+12 

+4 
+4  to  +6 

+12 

+  12 

+12 

+8to+15 


+6 
+4  to  +6 


4  to  6 


+10 

Flow. 
+10 


+2 
+35 

+  15 


Basal  Chesapeake. 

Newark 

Chosiipeake 

do 

Basal  Pamunkey?. 
do 


Basal  Chesapeake. 

do 

do 

Ba.sal  Pamunkey  . 

Chesapeake? 

Basal  Chesapeake. 


Baj«l  Chesapeake. . 

Basal  Pamunkey... 

Basal  Chesapeake.. 

Potomac? 

do 


Che.sapeake 

Basal  Chesapeake. 
Pamunkey? 


Basal  Chesapeake. 


(/hesapeake 


Basal  Chesapeake. 

Basal  Pamunkey?. 

Basal  Chesapeake. 

do 


I 


+8  to  +12 


+ 
+6 

+46 


Baaal  Pamunkey?. 
Basal  Chesapeake. 

do 

do 

do 

Chesapeake 


Basal  Pamunkey.. 


Soft  water. 

Poor  water  at  300 
foet. 

Slii^htly    alkaline 
water. 


No  water  below  143 

feet. 


Soft  water. 


Water  also  at  2  to 
feet. 


Water  al.si>  at  im 
feet. 


Water  also  at   240 
and  464  feet. 

Soft,  goo<l  water. 


Slightly  saline  wa- 
ter. 


Stopped  at  nx'k 
stratum. 

Fine  water  54°. 
Sulphurous  wa- 
ter at  270  feet. 

Ferruginous  wa- 
ter. 

Fine  water  68^. 


Much  water  at  326 
feet 


a  f ,  feet  above  the  surface:  - ,  feet  below  the  surface. 


i»AKTt>N  and  kullkr.) 


VIRGINIA. 


131 


Pariml  list  of  deep  v}€lls — Continued. 


Ijocatiuu. 


Depth. 


Kewoastle 

Newport  News ' 

Norfolk 


Norfolk.  Lambert 
l^oint. 

Norfolk,    Money 
Point. 

North  End  Point.... 

Oak  Springs 

Onancoek 


l*liim  Point,  3  wells. . 

PosRums  No(«e 

Providence  Forjre — 
Puritan  Bay,  2  wells. 
I*uritan  Bay,  1  well.. 

Quantico 

Raggred  Point 

Kiehmond: 

Paper  mill 

Sherwood  Park.. 

Sherwood  I^ark,  1 

mile  northeast. 

Ginter's  farm 

Sandy  Point: 

Westmoreland 
County. 

Fairfax  County.. 


.Sharps  Wharf. 
Do 


Fret. 

1«7 

iCOO 

147 

610 

562 

1,1?2 
40U 
140 

168 
200 
80 
216 
180 

sao 

225 

400 

900 
250 

400 

235 
560 

235 
SGO 


Size. 


In. 


I 


Sheppard's   ware-  ,  160 
house,  2  wells.         ' 

Swan  Point ^  +100 

Vircrinia  Beach 70 

W^alkerton,  2  wells  . . ,  315 

Wecms 260 

W^efit  Point.  200  wells.  160 


Whealtons 

White  House,  3  wells. 

Williamsburg 

Do 


Windmill  Point 


Zoni. 


250 

lSO-230 

876 

280 

480 

161 


HeiKht 
Capacity  per    to  which 
minute. 


U 


U 
4i 

u 


u 
u 
n 


u 


li 


14 


U 


li 


U 


Uorlxon. 


OaUons. 

Flows  10 

None. 

Much. 

65 

Much. 

None. 

Flows  10-12 

5 

Flows  10-12 


None. 

Flows  10-12 

Flows  10-12 

4^ 

1 

Fair. 

None. 
None. 

Satisfactory. 


14  8 

Sati8facUi)ry. 


Flows  12-^ 


Flows  10-15 


Fair  supply. 
Flows  6-8 


Average  12 

20 

1-6 

None. 

Many. 

None. 

Flows  2 


Remarks. 


Chesapeake j 

—6  , do Very  hard  water. 


.do. 


+5 


.do. 


I 


+6 


I 


Potomac 


Saline  water. 

Ferruginous     wa- 
ter. 


'  Chesapeake 140-486    feet;     no 

I      water 
+8-12     Basal  Chesapeake.. 

,  Potomac 


Chesapeake Unfinishe<l. 


+4-6  '  Basal  Chesapeake. 

+4-< 

Flows.  !  Basal  Potomac 


12  '  Basal  Chesapeake. 

I 

....   Granite 


+12 
—24 

+24 


+6-8 


.do. 
.do. 

.do. 


Surface    contami- 
nation. 


Basal  Chesapeake. 
Basal  Potomac 


Fine  water. 


Basal  Chesapeake. 
Pamunkey 

Basal  Chesapeake. 


Chesapeake 

Upper  Chesapeake . 

Potomac 

!  Chesapeake , 

Average'  Basal  Chesapeake.. 


No  water  below  270 
feet;  rock,  270- 
560  feet. 

Water  also  at  240 
feet. 


Ferruginous     wa- 
ter. 


+4-6 


+2. 


+5-20 


Basal  Chesapeake? 
Basal  Chesapeake. . 

Potomac 

Basal  Chesap'^ake. . 

Near    to    basal 
Chesapeake. 

Chesapeake 


Under  hard  rock 
stratum. 

To    top    of    rock 
stratum. 
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PIEDMONT  PLATEAU. 

The  Piedmont  Plateau  extends  from  the  Coastal  Plain  on  the  east 
to  the  foot  of  the  Appalachian  Mountains  on  the  west.  Its  surface  is 
made  up  mainly  of  more  or  less  crystalline  igneous  or  metamorphie 
rocks,  but  is  marked  by  a  number  of  basins  of  Triassic  shales  and  sand- 
stones. 

Over  the  greater  part  of  the  Piedmont  Plateau  the  uplands  are 
smooth  and  rounded  and  the  streams  flow  near  their  heads  in  broad, 
shallow  valley's.  In  their  lower  courses  the  streams,  especially  the 
larger  ones,  have  formed  deep  channels,  and  a  strongly  rolling  topog- 
raphy has  been  developed.  Toward  the  west  the  topography  merges 
into  that  of  the  Appalachian  Mountain  belt. 

Crystalline  rocks, — The  crystalline  rocks  of  the  Piedmont  belt  are 
deeply  weathered  at  the  surface  and  are  broken  by  numerous  joints 
that  extend  to  considerable  depths.  As  in  similar  regions  elsewhere, 
the  weathered  upper  portion  everywhere  furnishes  supplies  for  shal- 
low wells.  Few  deep  wells  have  been  drilled,  but  it  is  probable  that 
moderate  amounts  of  water  would  be  obtained  in  a  considerable  per- 
centage of  the  wells  sunk.  The  water,  however,  would  be  likel^^  in 
many  instances  to  be  rather  strongly  mineralized  and  unsuitable  for 
some  purposes.  Moreover,  because  of  the  uncertainty  of  the  presence 
of  joints  or  other  water-bearing  fissures  in  the  rock,  the  occurrence  or 
nonoccurrence  of  water  in  a  well  at  a  given  locality  can  seldom  be 
predicted. 

Triassic  rocks. — The  Triassic  rocks  consist  of  a  series  of  shales  and 
sandstones,  with  a  few  coals,  etc.,  occup3dng  basin-like  depressions  in 
the  Piedmont  Plateau.  Moderate  or  small  supplies  of  water  are  gen- 
erally obtained  by  the  shallower  wells.  Deeper  wells  would  probably 
obtain  considerable  amounts  in  many  instances,  although,  as  in  other 
Triassic  areas,  the  waters  are  likely  to  be  mineralized.  Strong  springs 
occur  along  certain  of  the  faults  which  cut  this  area,  and  it  is  not 
improbable  that  flowing  waters  could  be  obtained  in  some  localities. 

APPALACHIAN  MOUNTAIN  BELT. 

The  term  Appalachian  Mountain  belt  is  used  in  a  broad  way  to 
include  the  entire  belt  of  folded  rocks  lying  between  the  Piedmont 
Plateau  and  the  Cumberland  and  Allegheny  plateaus  of  West  Virginia 
and  Pennsylvania.  The  rocks  are  of  Cambrian,  Silurian,  and  Devonian 
age,  and  include  quartzites,  sandstones,  shales,  and  limestones.  Near 
the  eastern  limits  of  the  belt,  separated  from  the  Piedmont  Plateau  by 
only  a  narrow  strip  of  folded  rocks,  is  the  Shenandoah  Valley.  This 
valley  is  underlain  by  Cambro-Silurian  limestones. 

The  Appalachian  Mountain  belt  is  in  general  thinly  inhabited  and 
contains  few  wells.     Springs  abound  and  constitute  the  main  source 
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of  .supply  of  the  inhabitants.  The  quartzitoa  carry  very  little  water 
in  their  denser  portions,  although  springs  of  considerable  size  some- 
times issue  from  their  more  porous  parts.  The  springs  of  the  shales 
are  numerous,  but  are  generally  small.  In  the  limestone  area  of  the 
Shenandoah  Valley,  a  region  which  is  relatively  thickly  inhabited, 
dependence  is  placed  largely  on  cisterns,  the  waters  of  the  limestone 
being  of  uncertain  occurrence.  Near  the  borders  of  the  limestone 
area,  however,  springs  occur  at  some  places,  and  it  is  probable  that 
deep  wells  would  often  procure  good  supplies  at  these  localities,  but 
as  the  water  sometunes  occurs  in  definite  underground  channels  suc- 
cessful wells  would  not  always  be  obtained  at  such  places. 
,  The  waters  of  many  of  the  springs  of  the  higher  portions  of  the 
Appalachian  belt  are  warm,  and  at  a  number  of  places  the  springs  have 
l)een  developed  as  resorts.  At  other  springs  the  waters  are  bottled 
and  sold  for  medicinal  purposes.  The  association  of  these  springs 
with  anticlines  was  long  ago  pointed  out  by  W.  B.  Rogers.  It  is  not 
improbable  that  here,  as  in  other  regions,  in  some  instances  the  loca- 
tions of  the  springs  were  determined  by  faults. 

CUMBERLAND  PLATEAU. 

The  name  Cumberland  Plateau  is  applied  to  the  elevated  area  of 
Carboniferous  rocks  lying  northwest  of  the  Appalachian  Mountain 
belt.  Only  a  small  part  of  this  area  is  included  in  Virginia,  and  that 
lies  in  the  extreme  western  part  of  the  State.  The  underground  water 
supplies  of  this  region  are  like  those  of  the  portion  of  the  plateau 
included  in  Pennsylvania  and  Maryland.  Practically  no  deep  wells 
have  been  sunk,  but  it  is  probable  that  such  wells  if  put  down  would 
obtain  water  from  some  one  of  the  more  sandy  beds.  It  might  even 
rise  to  the  surface  in  synclines  or  other  favorable  situations.  Springs 
are  fairly  numerous,  but  small. 

COMMERCIAIi  SPRINGS. 

During  the  year  1902  sales  of  water  were  reported  from  48  springs, 
including  representatives  from  each  of  the  geologic  divisions  except 
the  Cumberland  Plateau.     These  are  as  follows  :*» 

*  Mtna,  lithia  Springs,  Roanoke,  Roanoke  County. 

*  Augusta  White  Lithia  Spring,  near  Augusta  Springs. 

*  Basic  Lithia  Spring,  Basic  City,  Augusta  County. 

*  Bear  Lithia  Springs,  near  Eikton,  Rockingham  County, 
t  Beaufont  Lithia  Spring,  Beaufont,  Chesterfield  County, 
t  Bellfont  Spring,  near  Manchester,  Chesterfield  County. 

t  Berry  Hill  Mineral  Spring,  near  Elkwood,  Culpeper  County. 

*  Blue  Ridge  Springs,  Botetourt  County. 

t  Buffalo  Lithia  Springs,  Buffalo  Lithia  Springs,  Mecklenburg  County. 

aPeale,  ▲.  0.,  Mineral  Resourcea  U.  S.  for  1902,  U.  S.  Qeol.  Survey,  1904,  p.  996. 
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t  Chase  City  Mineral  Springs,  Chase  City,  Mecklenburg  County. 
tComo  Lithia  Spring,  East  Richmond,  Henrico  C/Ounty. 
tCoppahaunk  Lithia  Arsenic  Springs,  near  Waverly,  Sussex  County. 

*  Cove  Lithia  Spring,  Wytheville,  Wythe  County. 

*  Craig  Healing  Spring,  Vista  Craig,  Craig  County. 

*  Crockett  Arsenic  Lithia  Spring,  Shawsville,  Montgomery  County. 
Diamond  Spring,  Norfolk  County. 

t  Enip  Mineral  Spring,  near  Glen  Carlyn,  Alexandria  County. 

tFarmville    Lithia   Springs,   Cumberland    County,   near  Farmville,   Prince 

E<lward  County. 
t  Fonticello  Lithia  Spring,  Chesterfield  County,  near  Richmond. 
*Golindo  Lithia  Springs,  Weyers  Cave,  Augusta  County, 
t  Harris  Anti-Dyspeptic  and  Tonic  Spring,  Burkeville,  Nottoway  County. 

*  Healing  Springs,  Healing  Springs,  Bath  County. 

t  Houston  Lithia  Spring,  Houston,  Halifax  County. 
t  Hume  Springs,  St.  Elmo,  Alexandria  County. 

*  Hunter's  Pulaski  Alum  Springs,  Walkers  Creek,  Pulaski  County. 
t  Jeffress  Lithia  Silica  Springs,  Jeffress,  Mecklenburg  County. 

*  Jordan  White  Sulphur  Spring,  Stephenson,  Frederick  County. 
t  Lone  Jack  Spring,  Candless  Mountain,  Campbell  County. 
fMagee's  Chlorinated  Lithia  Springs,  Clarksville,  Mecklenburg  County. 
t  Massanetta  Springs,  Harrisonburg,  Rockingham  County. 

*  Montvale  Hygeia  Spring,  Montvale,  Bedford  County. 

*  Nye  Lithia  Springs,  Wytheville,  Wythe  County. 

*  O'Connell  Lithia  Spring,  near  Stribling  Springs,  Augusta  County. 
tOtterburn  Lithia  and  Magnesia  Springs,  Amelia,  Amelia  County. 
t  Paeonian  Spring,  Paeonian  Springs,  Loudoun  County, 

t  Pontiac  (formerly  Powhatan)  Spring,  near  Falls  Church,  Alexandria  County. 
t  Powhatan  Lithia  and  Alum  Springs,  near  Tobaccoville,  Powhatan  County. 

*  Rockbridge  Alum  Springs,  Alum  Springs,  Rockbridge  County. 

*  Rubino  Healing  Lithia  Springs,  Healing,  Bath  County. 

*  Seawright  Magnesian  Lithia  Spring,  near  Staunton,  Augusta  County. 

*  Seven  Springs,  near  Glade  Spring,  Washington  County. 

*  Shenandoah  Alum  Springs,  near  North  Mountain,  Shenandoah  County. 
t  Sublett's  Lithia  Spring,  near  Danville,  Pittsylvania  County. 

t  Swineford*8  Arsenic  Lithia  Springs,  Osceola,  Chesterfield  County. 

*  Virginia  Magnesian  Alkaline  Springs,  near  Staunton,  Augusta  County. 

*  Virginia  Waukesha  Lithia  Springs,  Staunton,  Augusta  County. 

*  Wallawhatoola  Alum  Springs,  near  Millboro  Spring,  Bath  County, 
t  Wolf  Trap  Lithia  Springs,  Wolf  Trap  Depot,  Halifax  County. 

Of  these  only  the  Diamond  Springs  of  Norfolk  County  appear  to  be 
in  the  Coastal  Plain.  Of  the  remainder  those  marked  *  are  in  the 
Mountain  belt,  while  those  marked  f  are  in  the  piedmont  belt.  The 
total  output  for  1902  was  2,442,398  gallons,  having  a  value  of  $423,212. 

PRINCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  Unitetl  States,  by  A.  C.  Peale:   Bull.  U.  S.  Creol.  Sur\'ey 

No.  32,  pp.  64-68. 
Artesian- well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 

U.  S.  Geol.  Survey  No.  138,  pp.  162-190. 
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Preliminary  list  of  deep  borings  in  the  United  States,  pU  2,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  (ieol.  Survey  No.  ttl,  p.  60. 

D6$«cription  of  the  Fredericksburg  quadrangle,  Maryland  and  Virginia,  Y>y  N.  II. 
Darton:  Geol.  Atlas  U.  8.,  folio  13,  U.  8.  (ieol.  Survey. 

Description  of  the  Nomini  qua<irangle,  Maryland  and  Virginia,  by  N.  H.  Darton: 
Geol.  Atlas  U.  S.,  folio  23,  U.  S.  Geol.  Survey. 

Description  of  the  Washington  quadrangle,  Maryland,  District  of  Columbia,  and 
Virginia,  by  N.  H.  Darton  and  A.  Keith:  Geol.  Atlas  U.  S.,  folio  70,  U.  S.Geol. 
Survey. 

Description  of  the  Norfolk  quadrangle,  Virginia  antl  North  Carolina,  by  N.  H.  Dar- 
ton: Geol.  Atlas  U.  S.,  folio  80,  U.  S.  Geol.  Survey. 


NORTH  CAROLINA. 


By  M.  L.  Fuller. 


.In  North  Carolina  only  two  of  the  geographic  and  topographic  belts 
recognized  in  Virginia  are  extensively  developed.  These  are  the 
Coastal  Plain  and  the  Piedmont  Plateau.  That  part  of  the  Appala- 
chian Mountain  belt  which  consists  of  folded  sedimentary  rocks  is 
present  only  in  the  extreme  western  portion  of  the  State.  The  Pied- 
mont Plateau,  however,  becomes  in  this  State  mountainous  as  it 
approaches  the  former  belt  and  topographically  grades  more  or  less 
imperceptibly  into  it.  The  Cumberland  Plateau  is  not  represented  in 
the  State. 

COASTAL  PIiAIN.a 

The  geology  of  the  Coastal  Plain  in  North  Carolina  differs  from  tliat 
of  Virginia  principally  in  the  reappearance  of  the  marine  Cretaceous 
beds,  which  thicken  rapidly  and  rise  to  tide-water  level  and  above 
nearly  as  far  east  as  Wilmington.  The  Eocene  formation  thins  some- 
what, and  in  the  southern  counties  lies  almost  entirely  above  tide  level, 
on  an  irregular  floor  of  marine  Cretaceous  sands  and  marls. 

The  Chesapeake  beds  thin  rapidly  southward,  and  lie  mostly  above 
tide  level  in  shallow  basins  on  the  Eocene  or  marine  Cretaceous. 

The  Potomac,  the  most  important  water-bearing  formation  of  the 
Coastal  Plain  region,  is  best  developed  along  the  western  border  of 
this  region  in  the  counties  southwest  of  the  Neuse  River — Harnett, 
Moore,  and  Richmond.  In  these  counties  the  Potomac  sti-ata  are 
exposed  at  intervals  over  a  considerable  area;  and,  dipping  gently 
southeastward  on  the  eroded  surface  of  the  crystalline  rocks,  doubtless 
carry  considerable  quantities  of  water.  The  Potomac  formation  also 
reaches  the  surface  over  limited  areas,  both  north  and  south  of  Roanoke 
River  above  Weldon,  and  there  are  also  outcrops  of  the  formation  at 
intervals  between  the  Roanoke  and  Neuse  rivers,  but  in  this  region  the 
exposed  areas  of  the  formation  are  far  less  extensive  than  between  the 

aCompiled  from  not«8  of  J.  A.  Holmes  published  in  Bull.  U.  S.  Geol.  Survey  No.  138, 1896,  pp.  190-19.. 
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Neuse  and  the  Pedee,  and  consequently  the  underjifround  water  sup- 
plies below  the  Tertiary  marls  of  the  counties  between  the  Neuse  and 
Roanoke  will  probably  prove  to  be  less  abundant  than  in  the  more 
southerly  counties. 

The  general  geologic  structure  of  the  Coastal  Plain  in  North  Car- 
olina is  indicated  in  the  accompanying  section  by  Professor  Holmes, 
fig.  20. 


••■. 


Fig.  20.— Citws  section  of  the  CoAstal  Plain  region  in  North  Carolina,  from  near  Sanford  to  the  coast 
near  Wilmington.  fA,  crystalline  schists;  B,  Potomac  sand,  arkose,  and  clays;  C,  marine  Cretaceous 
sands,  marls,  etc.;  D,  Tertiary  marls  and  shell  rock  (Eocene  and  Chesapeake);  E,  Lafayette  and 
overlying  Columbia  formation.    Vertical  scale  greatly  exaggerated. 

It  is  not  yet  possible  to  present  a  review  of  the  water  horizons  or  of 
the  well  prospects  in  the  State,  but  the  following  partial  list  of  wells 
shows  the  results  obtained  by  drilling  at  a  considerable  number  of 
points. 

ParticU  list  of  deep  wells  in  the  OoasUd  Plain  region  of  NorOi  Carolina. 


Locality. 


Elizabeth  City,  10  wells. 


Edenton 

Avoca 

Washington 

Do 

Do 

YatesTllle 

D.  C.  Way  Lumber  Co , 


Roper 

Lake  Landing. 

Lake  Comfort . 
Swanquarter . . 


Rose  Bay 

Scran  ton,  8  wells 


Middleton 

Fairfield 

Newbem 

Do 

Do 

Springer  Lumber  Co. 

Beaufort 

jackicmTllle,  8  wells 


County. 


Pasquotank 


Chowan  . 
Bertie . . . 
Beaufort 

do... 

do... 

do... 

.....do... 


Washington 
Hyde 


.do 
.do 

.do 
.do 


do.. 

do.. 

Craven . 

do.. 

do.. 

Pamlico 
Carteret 
Onslow . 


Depth. 


FeeL 
64 

MO 
180 
140 
100 
860 
215 
800 

50-76 
205 

116 
840 

130 

100, 160, 
and  195 

212 

280 

350 

60 

90 

90 

200 

leo 


Remarks. 


Flow  15  gallons  each;  water  hard  and 
sulphurous. 

No  water. 

Do. 
Water  not  very  satisfactory  in  quality. 

Do. 

No  water. 

Flows  50  to  60  gallons. 

Flows  15  gallons  of  sulphurous  water; 
water  also  at  120  feet. 

Yields  10  gallons  of  unsatisfactory  water. 

Pumps  15  gallons  of  fine  water;  water 
alHO  at  85  feet. 

Flows;  water  sulphurous. 

Flows  a  good  supply  of  fine  water  from 
depth  of  about  86  feet. 

Flows  good  water. 

Satisfactory  water. 

Flows  good  water. 

Flows. 

Pumps  good  water. 

Do. 

Do. 
Pumpa  very  hard  water. 
Flows  sulphurous  water. 

Da 
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Locality. 


Remarkn. 


Flows  2  gallons. 

Pumps. 

Do. 

Flows. 

Water  obtained,  but  pipe  filled  with  saiul. 

Hard  water. 

Quantity  and  quality  satisfactory. 

Pipe  filled  with  quicksand. 

Flowing  well. 

In  progcHs. 

Water   to   near  surface;    quantity    and 
quality  satisfactory. 

Stopped  in  quicksand. 

Flows  4  gallons. 

Water  nearly  in  surAcc. 

Flows  75  gallons;  very  saline  wat^r. 

Pump  400  gallons  each  of  good  water. 

8-gallon    flow  of   gdod  water  from    100 

fect(?). 


PIKDMONT  PTx^lTEAU. 

The  Piedmont  Plateau  lies  between  the  Coastal  Plain  and  the  folded 
mountain  belt,  as  in  Virginia.  The  rocks  are  crystalline  (igneous  or 
metamorphic),  and  are  characterized  by  basins  of  Triassic  shales  and 
sandstones  similar  to  those  in  Virginia. 

The  topography  is  much  the  same  as  in  Virginia,  except  that  it  is 
more  rugged  in  the  western  portion  next  to  the  mountains.  The 
crystalline  rocks  are  even  more  weathered  than  in  Virginia  and  are 
similarly  broken  by  joints.  Water  in  small  to  moderate  amounts  could 
probably  be  obtained  almost  anywhere  within  this  belt,  although  large 
supplies  are  not  to  be  looked  for.  It  would  rarely,  if  ever,  rise  to  the 
surface,  and  is  likely  to  be  mineralized.  The  waters  of  the  springs  of 
the  belt  contain  large  amounts  of  mineral  matter  and  are  extensively 
used  for  medicinal  and  table  purposes. 

The  Triassic  rocks  are  somewhat  similar  to  those  in  Virginia,  and 
doubtless  carry  considerable  water  in  their  more  porous  beds.  Very 
few  deep  wells,  however,  have  been  sunk  in  the  Triassic  areas. 

APPAIiACIIIAN  MOUISTAIN  BEIiT. 

As  has  been  indicated,  only  a  part  of  the  Appalachian  Mountain  belt 
lies  within  the  State  of  North  Carolina.  The  rocks  represented  are 
more  motanioi*phic  than  those  in  the  States  previously  descril)ed,  and 
are  frequently  crystalline  or  scmicrystalline.  A  few  of  the  less  meta- 
morphic rocks  also  occur.    The  mountain  belt  in  this  State  is  relatively 


FULLER.]  NORTH    CAROLINA.  139 

inaccessible  and  v^ry  thinly  inhabited.     The  numerous  springs  which 
.  ocicur  throughout  the  belt  form  practically  the  entire  source  of  water 
supply  of  the  inhabitants. 

MINERAIi  8PRING8.- 

The  important  mineral  springs  of  North  Carolina  are  located  on  the 
Piedmont  Plateau.  Of  the  10  springs  that  report  sales  of  water  in 
li>02  only  1 — the  Seven  Springs  of  Wayne  County — is  in  the  Coastal 
Plain.     The  following  is  a  list  of  these  springs:  ^ 

Alkalithia  SpriDg,  Alkalithia  Springs,  Alexander  County. 

Barium  Rock  Spring,  Barium  Springs,  Iredell  County. 

Jackson  Springs,  Jackson  Springs,  Moore  County. 

Lemon  Springs,  Lemon  Springs  Station,  Moore  County. 

Mida  Spring,  near  Charlotte,  Mecklenburg  County. 

Panacea  Springs,  near  Littleton,  Warren  County. 

Park's  Spring,  Caswell  County,  near  Danville,  Va. 

Seven  Springs,  Sevensprings,  Wayne  County. 

Thompson  Bromine  Arsenic  Springs,  Crumpler,  Ashe  County. 

V'a<le  Mecum  Spring,  Vade  Mecum,  Stokes  County. 

The  total  quantity  of  water  sold  in  1902  is  given  as  104,400  gallons, 
having  a  value  of  $18,796. 

PRINCIPAL.  PUBI.ICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  74-78. 

Artesian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton 
[North  Carolina,  by  J.  A.  Holmes]:  Bull.  U.  S.  Geol.  Survey  No.  138,  pp.  190-207. 

Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  2,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  20. 

Water  resources  of  the  Co  wee  and  Pisgah  quadrangles.  North  Carolina,  by  H.  S. 
Gale:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp.  174-176. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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SOUTH  CAROLINA. 


By  L.  C.  Glenn. 


SUBDIVISIONS. 

South  Carolina  is  divided  by  a  line  running  northeastward  from 
Augusta,  Ga.,  through  Columbia,  Camden,  and  Cheraw,  S.  C,  into 
a  Coastal  Plain  portion  to  the  southeast  and  a  Piedmont  Plat<cau 
portion  to  the  northwest.  The  Coastal  Plain  region  is  some- 
what the  larger  of  the  two  divisions  and  consists  geologically  of  inter- 
stratified  beds  of  sand,  clay,  and  marl  of  Cretaceous  or  later  age  that 
are  as  yet  mostly  unconsolidated.  The  Piedmont  Plateau  region  con- 
sists geologically^  of  crystalline  rocks  whose  exact  age  is  unknow^n, 
although  thc}'^  are  thought  to  be  largely  Archean  or  Algonkian. 
Because  of  this  diflference  in  their  geology  the  water  supplies  and 
water-supply  problems  of  the  two  sections  of  the  State  differ  widely 
in  their  nature.     Each  section  will  be  considered  separately. 

The  climatic  factors  affecting  the  water  supplies  are  simple 
and  may  be  briefly  stated.  The  annual  rainfall  varies  somewhat  from 
year  to  year,  but  averages  about  50  inches  and  is  almost  unifonnl}' 
distributed  over  the  'State.  Autumn  is  the  dryest  of  the  seasons, 
receiving  2  or  3  inches  less  than  its  normal  proportion  of  the  rain- 
fall, and  in  consequence  8tr<3ams  are  usually  lowest  in  the  late  fall. 
Winter  receives  2  or  3  inches  more  than  its  proportion.  The  streams 
of  the  Coastal  Plain  are  never  frozen  over.  During  severe  winters  ice 
may  ocH'asionally  form  on  streams  in  the  inner  part  of  the  Piedmont 
region,  but  it  lasts  only  a  few  davs  at  a  time  and  never  becomes  thi<«k 
enough  to  interfere  Avith  the  utilization  of  the  streams  for  water  power. 

GEOI.OGY"    AND    WATER    SIiPPXiY. 

PIEDMONT  PLATEAU. 
GENERAL   FEATURES. 

('hdnirtrr, — Viewed  })roadly  the  Piedmont  Plateau  is  essentially^  a 
plane  surface  with  an  average  elevation  along  its  outer  or  southeastern 
edge  of  500  feet.  It  rises  gently  to  the  northwest  to  an  average  ele- 
vation of  1,000  feet  along  its  inner  edge.  Beneath  this  general  sur- 
face the  main  streams  which  How  southeastward  have  incised  their 
courses  50  to  150  feet,  and  with  their  many  tributaries  have  sculptureti 
140 
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it  into  a' gently  rolling  plateau  that  breaks  into  hills  near  the  main 
drainage  ways. 

Rocks. — The  rocks  of  the  Piedmont  Plateau  consist  of  highly  meta- 
moiphosed  gneisses  and  schists,  cut  by  granites  and  later  intersected 
by  many  dikes,  chiefly  of  diabase  and  presumably  of  Newark  age. 
The  gneisses  and  schists  are  regarded  as  pre-Cambiian  in  age.  They 
have  suffered  such  profound  and  repeated  metamorphism  that  in  very 
many  cases  their  original  character  has  been  ^lost.  Original  bedding 
planes,  if  any  ever  existed,  have  been  obliterated  and  planes  of  schis- 
tosity  have  been  developed  that  have  prevailingly  a  northeast-southwest 
strike  and  steep  dips  that  range  between  southeast  and  northwest.  In 
a  few  places  naiTow  broken  belts  of  crystalline  limestone  or  of  meta- 
njorphosed  conglomerates  indicate  original  sedimentary  beds. 

The  granites  are  prevailingly  coarsely  crystalline  to  porphyritic, 
though  some  are^is  are  of  fine  and  uniform  grain.  They  were  intruded 
at  various  periods,  all  of  which  were  probably  pre-Cambrian,  and  have 
since  been  exposed  at  the  surface  by  long  and  profound  erosion,  for 
it  seems  highly  probable  that  the  Piedmont  Plateau  has  been  a  land 
surface  since  early  Paleozoic  time. 

Residiud  soil  mantle. — During  all  this  time  the  disintegration  and 
weathering  of  the  crystalline  rocks  of  the  plateau  has  been  in  progress. 
During  most  of  the  time  the  solid  rocks  have  been  covered  with  a 
blanket  of  weathered  material,  which  has  at  certain  periods  of  uplift 
been  largely  removed  to  furnish  material  to  build  the  Coastal  Plain.  At 
present  a  blanket  of  disintegrated  material  50  to  150  feet  thick  over- 
lies the  solid  rock  over  practically  all  of  the  Piedmont  region.  Much 
of  this  disintegrated  material,  especially  near  the  surface,  is  a  very 
fine-grained  red  clay,  that  makes  the  Piedmont  streams  a  muddy  red 
or  yellow  color. 

WATER  SITPPLIES  OF  PIEDMONT  PLATEAU. 

Effect  ofreaidual  mantle. — The  residual  mantle  plays  an  important 
role  in  relation  to  the  water  supply  of  the  Piedmont  region,  for  much 
of  the  rainfall  is  absorbed  by  it  and  held  to  be  fed  out  gradually  to 
springs  and  streams,  thus  making  the  stream  flow  more  uniform  than 
if  the  undisintegrated  crystallines  reached  nearly  to  the  surface.  The 
main  streams  of  the  region  have  cut  down  through  this  blanket  of  dis- 
integrated material  to  the  solid  rock  beneath,  which  often  shows  in 
exposed  ledges  along  their  courses.  Many  of  their  tributaries  have 
cut  narrow  valleys  far  back  into  the  interstream  area. 

Springs. — Along  the  sides  of  the  valleys,  large  and  small,  are  found 
many  unfailing  springs,  whose  waters  are  usually  free  from  mineral 
imparities  of  any  kind.  In  the  early  settlement  of  the  Piedmont 
region  of  South  Carolina  these  springs  were  universally  used  for 
household  water  supplies.     Wells  and  cisterns  were  unknown.     The 
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pioneer  built  his  house  near  some  bold  spring,  very  often  Selecting  a 
site  on  the  hill  slope  or  down  in  the  small  valley  itself.  Springs  thus 
determined  the  location  of  the  homes  of  the  first  settlers  and  for  years 
continued  to  furnish  practically  the  only  water  suppl3^  They  are 
used  in  very  many  cases  to-day,  and,  in  spite  of  the  clearing  of  the  land 
and  the  comparatively  thick  settlement  of  the  country,  have  not  failed 
or  become  polluted  by  man's  presence,  but  they  are  still  safe  and  satis- 
factory sources  of  domestic  water  supply. 

There  are  a  number  of  well-known  mineral  springs  in  the  Piedmont 
region,  at  some  of  which  hotels  with  good  accommodations  have  long 
enjoyed  wide  popularity  as  summer  resorts.  The  waters  of  these 
springs  generally  contain  sulphates  and  carbonates  of  calcium,  mag- 
nesium, sodium,  and  potassium.  Some  contain  lithia  and  some  are 
chalybeate. 

The  following  springs,^  all  located  within  the  Piedmont  Plateau, 
reported  shipments  in  1902: 

Buffalo  Lick  Springs,  near  Carlisle,  Union  CJounty. 
Chick  Springs,  near  Taylor  Station,  Greenville  County. 
Cokesbury  Mineral  Spring,  Cokesbury,  Greenwood  County. 
Garrett  Mineral  Spring,  Spartanburg,  Spartanburg  County. 
Glowing  Spring,  near  Calhoun  Falls,  Abbeville  County. 
Harris  Lithia  Spring,  Harris  Springs,  Laurens  County. 
Rives  Mineral  Spring,  Lancaster,  Lancaster  County. 
West  Springs,  West  Springs,  Union  County. 
White  Stone  Lithia  Spring,  Spartanburg,  Si>artanburg  County. 

The  aggregate  amount  of  water  sold  is  stated  as  259,706  gallons,  with 
a  value  of  $76,526. 

Open  wells, — With  increasing  wealth  and  culture  there  came  a 
demand  for  better  building  sites,  and  houses  began  to  be  erected  back 
on  the  nearly  level  interstream  uplands  remote  from  springs,  and  the 
digging  of  open  wells  was  begun.  These  open  wells  furnish  the  greater 
part  of  the  water  supply  of  the  Piedmont  region  to-day.  In  some 
cases  pure  soft  water  is  obtained  before  solid  rock  has  been  reat*hod; 
in  others  water  is  obtained  just  on  top  of  the  solid  rock,  while  in  still 
others  it  is  occasionally  necessary  to  go  into  the  solid  rock  some  dis- 
tance to  a  water-bearing  seam.  The  wells  of  the  Piedmont  region 
range  from  40  to  70  feet  in  depth,  and  they  usually  have  from  5  to  10 
feet  of  water,  and  rarely  fail  during  dry  seasons.  The  disintegrated 
material  through  which  they  are  dug  is  not  firm  enough  to  be  left 
unwalled,  so  that  a  curbing,  usually  of  loose  stone,  is  put  in.  In  many 
cases  not  enough  attention  is  paid  to  sanitary  precautions,  but  as  the 
water  entering  the  well  under  the  usual  circumstances  filters  down 
through  a  considerable  thickness  of  sand  and  clay,  it  is  largely  though 
not  entirely  protected  from  contamination.     Occasionally  one  finds  a 

opeale,  A.  C,  Mineral  Resources  U.  8.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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lK)rod  well  of  8  or  10  inches  in  diameter,  though  the  dug  well  is  far 
more  common.  These  ]H)red  wells  differ  from  the  dug  ones  chiefly  by 
l>eing  cheaper  to  sink,  but  they  are  more  difficult  to  clean  out. 

Deep  welh. — Aside  from  the  streams  of  the  region  the  only  possible 
source  for  considerable  water  supplies  is  the  subsurface  waters.  The 
presence  of  granites  and  crumpled  gneisses  and  schists  in  the  region 
precludes  the  hope  of  securing  deep  artesian  waters,  for  the  structure 
of  such  rocks  is  unfavorable  to  artesian  conditions. 

Some  Piedmont  towns,  however,  moved  by  the  idea  that  they  could 
get  artesian  waters  if  they  only  lx)red  deep  enough  have  drilled  wells 
several  hundred  feet  into  the  crystalline  rock,  and,  except  in  very  few 
cases,  have  been  rewarded  with  supplies  of  water  that  have  risen  to  a 
height  coinciding  with  the  level  of  the  ground-water  surface  in  the 
rocks  around  the  well,  but  such  supplies  are  not  artesian.  The  rocks 
of  the  region  are  traversed  by  seams  and  fissures,  which  everywhere 
below  the  ground-water  level  are  tilled  with  water.  The  deeply  drilled 
hole  has  cut  across  enough  such  fissures  to  obtain  a  large  supply  of 
water  for  the  pumps,  yet  this  water  is  derived,  not  from  a  great  depth 
nor  from  a  long  distance,  but  from  the  great  body  of  ground  water  near 
the  surface  and  immediately  around  the  well.  If  the  fissures  in  the 
solid  rock  are  very  numerous,  the  area  supplying  the  water  is  an 
inverted  cone  whose  apex  is  the  lowest  point  of  entry  in  the  bore  hole 
and  whose  base  is  a  large  circular  area  of  the  ground-water  surface 
around  the  well  mouth,  and  only  one,  two,  or  three  score  feet  beneath 
the  surface  of  the  town^  with  its  innumerable  sources  of  pollution  of 
every  kind.  If  the  well  is  supplied  b}'^  only  one  fissure  or  by  a  very 
few  fissures,  they  must  be  correspondingly  larger  and  furnish  more 
direct  and  easy  lines  of  flow  to  the  well.  They  may  extend  almost 
uninterrupted  nearly  up  to  the  surface  and  furnish  a  direct  channel 
for  surface  waters  to  enter  the  well. 

The  amount  of  water  that  can  be  pumped  from  such  wells  is  usually 
large  and  analyses  made  when  the  well  is  first  completed  have  shown 
a  good,  pure,  clear,  and  usually  soft  water,  well  adapted  to  almost  any 
purpose.  But  while  at  first  such  deep  wells  may  be  protected  from 
contamination  by  the  surface-soil  layer,  which  acts  as  a  filter,  and  the 
water  may  be  pure  and  wholesome,  yet  they  are  very  apt  sooner  or 
later  to  become  contaminated.  (k)nstant  pumping  from  them  soon 
causes  the  indrafts  supplying  the  water  to  open  better  channels 
through  the  fissures  and  allows  more  direct  ingress  of  waters  from  the 
surface.  These  channels  sooner  or  later  are  able  to  carry  surface 
contamination  directly  into  the  well.  Such  deep  wells  are  therefore 
at  best  open  to  grave  suspicion  and  constantly  need  careful  watching. 
This  need  is  all  the  more  necessary  because  of  the  fancied  security 
given  by  the  very  favorable  analysis  of  the  water  when  first  used. 
Such  careful  watching  will  usually  result  in  the  condemnation  and 
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closing  of  the  well  in  a  few  years,  especially  if  the  town  be  of  consid- 
eiuble  size,  so  that  there  is  furnished  to  the  soil  a  large  amount  of 
contaminating  organic  material.  A  well  of  this  kind  drilled  over  2,000 
feet  deep  in  Atlanta,  Ga.,  some  years  ago,  which  at  first  furnished  a 
large  amount  of  acceptable  water,  was  ordered  closed  by  the  board  of 
health  after  a  few  years'  use  because  of  sewage  pollution. 

At  Chester  the  first  deep  well  sunk  into  the  crystalline  rocks  failed 
to  strike  a  single  fissure,  but  was  drilled  perfectly  dry  600  or  600  feet 
into  a  solid  mass  of  porphyritic  diorite.  It  was  abandoned  and  a  sec- 
ond attempt  was  made  in  another  part  of  the  town  that  was  successful 
in  striking  a  water-bearing  fissure  at  404  feet.  A  failure  may  at  any 
time  result  from  deep  drilling  in  the  crystallines,  though  as  a  general 
rule  fissures  are  abundant  enough  to  make  it  I'easonably  certain  that 
water  will  be  obtained  in  such  wells  at  a  reasonable  depth. 

Another  source  of  water  supply  adequate  for  manufacturing  plants 
or  large  institutions  where  only  a  few  hundred  thousand  gallons  are 
used  daily,  but  usually  not  deemed  sufficient  for  city  supplies,  is  coming 
into  use  in  the  Piedmont  region.  It  consists  of  tube  wells,  which  are 
sunk  usually  in  groups  through  the  decomposed  surface  material  down 
to  solid  rock,  and  which  derive  their  supplies  from  water  circulating 
slowly  just  on  top  of  this  rock.  These  wells  are  usually  only  a  few 
inches  in  diameter  and  vary  in  depth  with  the  depth  of  the  surface 
disintegration,  ranging  from  30  to  80  feet  in  most  cases.  They  are 
sunk  along  or  near  the  lowest  line  of  a  natural  valley  or  depressed 
area  toward  which  a  considerable  surface  area  slopes,  the  larger  the 
basin's  extent,  other  things  being  equal,  the  larger  the  probable  sup- 
ply. Much  of  the  rain  falling  in  the  basin  percolates  down  through 
the  soil  and  moves  slowly  along  on  the  bed-rock  surface,  the  slope  of 
which  usually  coincides  in  the  main  with  that  of  the  soil  surface  above 
it.  In  some  cases  the  clay  soil  near  the  surface  may  be  so  close  grained 
as  to  act  as  an  impervious  covering  for  the  water  in  the  partly  disin- 
tegrated and  loosened  rock  beneath,  so  that  wells  sunk  in  this  manner 
may  be  truly  artesian — that  is,  they  may  have  a  natural  flow  caused  by 
the  pressure  of  the  water  confined  beneath  an  impervious  layer.  The 
distance  in  this  case  from  which  the  water  comes  is  of  course  limited 
to  the  basin  in  which  the  well  is  sunk.  It  is  a  local  artetsian  basin 
formed  under  exceptional  conditions. 

Such  supplies  of  water  have  been  found  uniformly  satisfactor3\ 
This  result  has  of  course  been  attained  by  selecting  basins  free  from 
sources  of  contamination.  The  continued  purity  of  such  water  will  of 
course  depend  on  the  vigilance  exercised  in  keeping  the  basin  free  from 
pollution.  As  such  basins  are  ordinarily  small  this  is  not  a  difficult 
task.  Several  such  wells  in  ^  group  are  usually  connected  and  pum{>ed 
together,  and  several  such  groups,  if  a  sufficient  supply  is  obtainable 
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within  a  small  area,  would  be  sufficient  to  furnish  with  water  a  town 
of  some  size,  or  to  aid  materially  in  supplying  a  large  city. 

In  York,  Chester,  Union,  and  Abbeville  counties  there  are  consid- 
erable areas  of  diabase  or  diorite  that  on  weathering  produce  a  close- 
gi-ained  clay  soil  that  is  abundantly  charged  with  lime  and  magnesia. 
The  springs  and  wells  of  these  areas  are  accordingly  of  hard  water. 
The  use  of  cisterns  is  more  necessary  hero  than  anywhere  else  in  the 
Piedmont  region,  and  yet  the\'  are  the  exception  rather  than  the  rule. 

Streams, — Where  larger  supplies  of  water  for  manufacturing  plants 
or  town  corporations  are  desired,  resort  is  had  in  most  instances  to 
streams,  and  a  pumping  plant  is  installed  to  lift  the  water  to  a  reser- 
voir or  standpipe.  The  streams  of  the  Piedmont  region  are  never 
perfectly  clear  except  at  their  headwaters,  among  the  mountain  spurs 
that  project  from  the  Appalachians  out  upon  the  inner  edge  of  the 
Piedmont  area.  The  tine  red  clay  soil,  so  characteristic  of  the  deeply- 
weathered  Piedmont  surface,  is  washed  into  the  streams  in  great  quan- 
tities by^  every  rain,  and  the  waters  become  exceedingly  muddy.  So 
finely  divided  are  some  of  these  clay  particles  that  they  remain  sus- 
pended indefinitely,  and  even  with  prolonged  settling  it  is  difficult  or 
impossible  to  get  the  water  perfectly  clear.  The  excessive  muddiness 
disappears  very  soon  after  the  passjige  of  a  flood,  but  even  in  their 
lowest  stages  the  Piedmont  streams  do  not  become  perfectl}^  clear. 
When  they  are  used  for  city  water  supply,  ample  settling  basins  must 
l>e  provided  or  a  filtration  plant  must  be  installed.  The  clay  is  sus- 
pended in  the  water  in  particles  so  fine  that  it  can  be  removed  with 
difficulty  even  by  filtration. 

The  most  inviting  sites  for  the  location  of  towns  in  the  Piedmont 
region  have  been  the  comparatively  level  interstream  areas  that  form 
the  divides  between  the  main  streams,  and,  as  a  rule,  the  principal 
towns  of  the  region  are  both  remote  from  and  at  a  considerable  eleva- 
tion above  the  larger  streams,  thus  occupying  situations  that  greatly 
incrrease  the  cost  of 'water  supplies  derived  from  such  sources. 

Furthermore,  with  the  rapid  growth  of  large  cotton  mills  along 
these  Piedmont  streams,  each  with  its  attendant  mill  village  in  which 
the  sanitation  and  the  sewerage  system  are  usually  not  what  they 
should  be,  the  problem  of  obtaining  unpolluted  water  supplies  from  the 
streams  of  this  region  will  constantly  become  more  difficult. 

With  the  growth  of  larger  cities  in  the  Piedmont  area,  however, 
other  sources  must  in  time  l>ecome  inadequate  and  the  large  streams 
must  furnish  the  water  supplies.  Means  must  then  l)c  taken  to  pro- 
vide sufficient  settling  area  or  adequate  filter  plants  as  well  as  to  guard 
the  watersheds  of  the  catchment  are*  from  organic  pollution.  These 
water-supply  problems  are  not  different  from  tiiose  other  communi- 
ties have  to  face  except,  perhaps,  as  to  the  almost  permanent  suspen- 
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sion  of  the  veiy  fine  clay  particles,  and  can  be  successfully  solved  here 
just  as  they  have  been  elsewhere. 

COASTAL   PLAIN. 

The  Coastal  Plain  attains  a  width  of  nearly  150  miles.  The  average 
elevation  of  its  inner  edge  where  it  overlaps  the  Piedmont  crystjillines 
is  about  500  feet.  The  slope  of  the  surface  from  the  inner  edge  toward 
the  coast  is  at  first  rather  steep,  so  that  30  miles  from  ihs  inner  edge 
the  average  elevation  has  decreased  to  less  than  200  feet.  From  this 
line  to  the  sea  the  surface  slope  is  very  gentle.  Much  of  the  outer 
part  of  the  Coastal  Plain  is  low  and  swampy  and  the  rivers  crossing 
the  region  are  usually  fringed  with  swamps  that  are  in  places  5  to  10 
miles  wide. 

The  inner,  more  elevated  portion  of  the  Coastal  Plain  is  deeply 
trenched  by  the  rivers  that  enter  it  from  the  Piedmont  region,  and 
much  of  its  surface  has  been  cut  into  hills  by  the  tributary  streams 
that  drain  it.  An  inner  belt  of  these  hills  is  known  as  the  sand  hill 
belt;  an  outer  interrupted  belt  that  is  in  places  more  broken  and  \n\\y 
than  the  preceding  one  is  known  as  the  7*ed  hill  belt. 

GEOLOGY. 

Ci'ystalline  jlom\ — Along  the  outer  edge  of  the  Piedmont  Plateau 
the  surface  of  the  crystalline  rocks  dips  southeastward  and  passes 
beneath  the  overlapping  sands  and  cla3's  of  the  Coastal  Plain.  From 
well  records  something  has  been  learned  of  the  depth  of  the  crystal- 
line floor  beneath  the  surface  of  some  parts  of  the  Coastal  Plain;  but 
much  more  information  is  desirable  concerning  its  depth,  especially' 
beneath  the  central  and  southwestern  parts.  At  Aiken  a  boring,  after 
passing  through  465  feet  of  sands  and  clays,  reached  granite  at  62  feet 
above  sea  level.  At  Florence  608  feet  of  Coastal  Plain  sediments  over- 
lie the  rocks  of  the  Newark  formation,  which  were  reached  at  473  feet 
below  sea  level.  At  Marion  a  boring  that  passed  through  700  feet  of 
sands  and  clays  entered  crystalline  schists  632  feet  below  sea  level.  At 
Wilmington,  N.  C,  a  well  started  only  a  few  feet  above  tide  entered 
granite  at  a  depth  of  1,109  feet.  At  Orangeburg  a  well  1,160  feet  deep 
had  not  reached  the  crystallines,  but  was  probably  not  far  above  them. 
A  well  at  Charleston  2,050  feet  deep  and  one  at  Beaufort  1,640  feet 
deep  failed  to  reach  the  underlying  crystallines. 

General  character  of  deposllH. — TheCoasUil  Plain  formations  consist 
of  fine  gravels,  sands,  clays,  marls,  and  an  occasional  soft  limestone. 
The  dip  of  the  lower  members  is  southeastward  at  a  i*ate  somewhat 
greater  than  the  surface  slope.  The  higher  members,  however,  thicken 
seaward  imtil  the  youngest  members,  or  those  at  the  top,  dip  at  tbe 
same  rate  as  the  surface. 

PoUnnac  forination, — The  oldest  of  these  members  is  the  Potomac. 
It  lies  immediately  upon  the  cry%<tallines,  and  along  its  outcropping 
inner  edge  consists  of  at  least  400  or  500  feet  of  variegated  sands  and 
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<*lays.  Much  of  the  8and  is  coarse  and  cross-bedded,  and  usually  con- 
tains a  considerable  amount  of  arkose.  The  clay  is  in  very  irregular 
lenticular  masses  embedded  in  the  sands  and  does  not  form  continuous 
and  persistent  strata.  These  sands  and  clays  outcrop  m  the  sand  hills 
and  in  part  of  the  red  hills  along  the  inner  edge  of  the  Coastal  Plain  in 
a  belt  5  to  10  or  more  miles  wide,  where  they  receive  the  supplies  of 
water  that  they  carry  seaward  with  them  beneath  the  later  members  of 
the  Coastal  Plain  series.  These  Potomac  sands  and  clays  are  water- 
bearers  under  very  much,  if  not  all,  of  the  Coastal  Plain;  but  very 
little  is  known  as  to  their  exact  depth  beneath  the  surface  in  much  of 
the  region.  A  1,160-foot  well  at  Orangeburg  had  probably  reached 
nearly  to  their  base.  At  Florence  they  extend  from  200  or  300  feet  to 
GOT  feet.  At  Charleston  the  2,050-foot  well  probably  stopped  in  their 
upper  portion.  It  is  prolmble  that  the  1,640-foot  well  at  the  naval  sta- 
tion at  Port  Koyal  had  just  about  reached  their  top  layei*s,  and  it  is 
likely  that  a  supply  of  good  water  might  have  been  obtained  in  these 
Potomac  sands  within  the  next  few  hundred  feet  had  the  well  not  been 
abandoned  where  it  was.  The  water  found  in  the  deeper-lying  por- 
tions of  the  Potomac  under  the  outer  part  of  the  Coastal  Plain  may, 
however,  be  found  charged  more  or  less  with  mineral  matter,  although 
the  water  from  the  deep  wells  at  Charleston  is  reported  to  be  of 
excellent  quality  and  furnishes  the  city's  supply. 

Marine  CretaceouH  heds. — ^The  marine  Cretaceous  is  the  next  younger 
formation.  It  consists  of  dark,  unctuous,  fine-grained  clays,  locally 
known  as  fuller's  earth,  and  often  described  by  the  drillers  as  soap- 
stone,  interbedded  with  fine,  light-colored  micaceous  sands.  The  clays 
contain  abundantly  disseminated  iron  pyrite  that  readily  decomposes 
and  giveji  rise  by  further  reaction  to  alum,  so  that  open  wells  and 
springs  in  these  clays  are  sometimes  very  astringent.  These  Creta- 
ceous clays  outcrop  only  in  the  eastern  part  of  the  State.  They  do 
not  form  the  general  surface  even  here,  but  are  overlain  by  a  thin 
mantle  of  younger  deposits,  and  are  revealed  only  in  stream  cuttings 
along  the  Pedee  and  its  tributaries.  The  best  exposures  are  in  Dar- 
lington and  Florence  counties.  West  of  Lynches  River  the  marine 
Cretaceous  is  not  known  to  outcrop  at  the  surface.  There  the  Eocene 
rests  directly  on  the  Potomac. 

From  its  surface  exposures  in  the  eastern  part  of  the  State  the  marine 
Cretaceous  dips  southeastward  beneath  later  deposits,  and  is  reached 
or  passed  through  in  the  deeper  wells  of  that  region.  It  extends  from 
about  600  to  about  1,900  feet  in  the  Charleston  wells.  It  was  passed 
through  in  the  Orangeburg  well,  its  top  being  about  252  feet  from  the 
surface,  and  its  bottom  being  indeterminate  from  the  record  obtained. 
The  Port  Roj^-al  well  from  700  or  800  to  about  1,600  feet  is  in  the  marine 
Cretaceous.  Well  records  show  that  it  consists  of  sands,  marls,  and 
dark  clays,  the  latter  sometimes  described  as  very  tough  and  sticky  to 
drill.     The  layers  of  sand  occupy  no  definite  horizon.     They  are  usually 
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water-bearing,  but  the  water  is  often  charged  with  sulphur  or  iron  or 
is  brackish  or  salt.  No  persistent  horizon  of  potable  water  is  known 
in  this  series.  Some  of  the  sandy  strata  may,  however,  locally  con- 
tain good  water,  and  careful  tests  for  quantity  and  quality  of  water 
should  be  made  at  any  promising  horizon. 

Eoceiie  deposits. — The  Eocene  overlies  the  Cretaceous.  In  the  east- 
ern part  of  the  State,  where  the  Cretaceous  is  exposed  in  stream  cut- 
tings, a  few  thin,  isolated  patches  of  Eocene  are  found  resting  in 
depressions  in  the  Cretaceous  surface.  West  of  Lynches  River  the 
Eocene  rests  directly  on  the  Potomac,  and  in  Orangeburg,  Lexington, 
and  Aiken  counties  numerous  exposures  of  it  occur.  At  the  base  it 
consists  of  fine,  light-colored  siliceous  clay,  breaking  with  conchoidal 
fmcture,  and  overlain  b}'^  a  silicified  mass  of  shells  and  casts-rthe 
Buhrstone.  Above  it  are  soft  gray  to  white  pulverulent,  calcareous 
marls,  whose  lower  part  is  known  as  the  Santee  marls,  and  whose 
upper  part  is  the  Ashley  and  Cooper  marls.  They  may  be  grouped 
together  here.  These  Ek)cene  strata  are  probably  500  feet  thick  at 
Charleston  and  occupy  a  basin  called  the  Charleston  basin,  delimited 
to  the  northeast  by  the  marine  Cretaceous  strata,  which  come  to  the 
surface  in  the  Pedee  region,  but  are  of  unknown  extent  to  the  south- 
west in  Georgia,  though  they  rise  considerably  in  Barnwell  County. 

The  Buhrstone  division  of  the  Eocene  is  more  or  less  cavernous  and 
is  generally  water  bearing.  The  waters,  as  might  be  expected,  are 
more  or  less  hard.  They  are  reached  at  Charleston  at  about  400  to 
500  feet  from  the  surface.  At  Orangeburg  the  base  of  these  rocks  is 
probably  about  252  feet  from  the  surface.  In  Bamberg,  Barnwell, 
Colleton,  and  Hampton  counties  they  seem  to  be  widespread  water 
bearers  and  are  reached  at  depths  of  about  100  feet  in  upper  Barnwell, 
but  dip  toward  the  coast  so  that  there  they  are  found  at  500  to  700  feet 
from  the  surface.  The  basal  Eocene  is  therefore  very  generally  water 
bearing  and  lies  at  moderate  depths  beneath  that  large  portion  of  the 
Coastal  Plain  in  which  the  Eocene  occurs.  No  definite  water-bearing 
horizons  are  known  in  the  overlying  Eocene  marls.  Open  wells  and 
springs  in  these  upper  beds  furnish  hard  water. 

Miocene  marl. — A  thin  stratum  of  late  Miocene  shell  marl  rests  in 
many  places  on  the  eroded  surface  of  either  the  Eocene  or,  in  the 
Pedee  region,  the  marine  Cretaceous.  It  is  not  usually  widely  con- 
tinuous and  is  not  important  as  a  water-bearing  horizon.  Open  wells 
sunk  to  it  yield  hard  water.  It  rarely  outcrops,  and  so  produces  but 
few  springs. 

Lafayette  and  Columbia  saiids. — Along  the  inner  and  more  elevated 
red  hill  and  sand  hill  portion  of  the  Coastal  Plain  there  may  be  dis- 
criminated in  most  cases  two  thin  formations  of  sand  that  blanketwise 
overlie  all  of  the  older  formations.  The  older  one  is  usually  a  hard- 
ened, cross-bedded  sand,  often  carrying  considerable  clay  and  near 
the  rivers,  as  they  enter  the  Coastal  Plain,  contains  rounded  pebbles 


( 


I  i 

< 
> 

S 
h 

< 


^l 

2 


^1 

•K  r 

kI 


da.A^/rs'^ 


'Mjj,swy4iVHD 


^^S**J.¥3AftS 


A/AiCJ.  70*fOJ9 


\ 


r-\ 


'  MntA4f9»>v*^ni 


•  A/A*OJ  A^^fOJ^/ 


mfAJ99/^ 


! 

I 


Z 

o 

O 


I 


r 


^OMs^oy^ 


-     ; 

J?'   ^C 


•rw.o^jMO^ 


j.tto^nY9m 


QH^^I  ^ll^fHX 


/ 
/ 


I 


z 
o 

6 

u 
(0 


■3TIIAWWA 


t 


'H0MV4t^Oiif 


't^OJ,9NiXt7 


8 


77^/U^VIi^V^ 


I 


'      I 


Si 


.J 
O 
QC 

< 
O 

X 
3 

o 

z 

QC 
UJ 

»- 

to 

< 

UJ 


Z 

o 

\- 
o 

UJ 


s 


AOMfy 


(iLENK.] 


SOUTH    CAROLINA. 


149 


and  cobbles.  It  iw  re^rded  as  of  Lafayette  age.  Where  it  overlax>s 
on  the  Potomac  sands  and  clays  it  is  in  many  places  very  difficult  to 
determine  the  contact  line  so  very  similar  are  their  materials,  the 
Lafayette  l)eing  derived  in  such  eases  from  the  underlying  Potomac 
by  a  slight  reworking.  These  Lafayette  sands  and  clays  are  usually 
red  in  color.  In  Columbia  they  are  homogenous,  structureless,  and 
V>right  red.  In  many  places  the}^  are  mottled  red  and  light  gray. 
They  form  much  of  the  surface  in  the  "  red  hill"  belt.  In  the  middle 
and  outer  half  of  the  Coastal  Plain  the  Lafayette  has  not  been  discrim- 
inated. If  ever  present  in  the  outermost  part,  just  near  the  present 
coast  line,  it  has  very  probably  been  removed  by  erosion,  for  the  post- 
Pliocene  rests  on  rounded  phosphate  nodules  that  cover  the  surface  of 
the  Eocene  or  Miocene  marls  from  which  they  were  torn  by  the  waves. 

The  younger  of  the  two  blanketing  formations  is  a  light-colored, 
soft,  clean-washed,  barren  sand  that  forms  the  surface  of  most  of  the 
Coastal  Plain,  including  the  sand  hills.  In  the  middle  and  outer  part 
of  the  Coastal  Plain  it  is  usually  mixed  with  enough  clay  to  form  a 
loani.  In  thickness  it  ranges  from  a  few  feet  up  to  perhaps  50  feet 
in  some  places  near  the  coast.  It  is  regarded  as  of  Columbia  age,  but 
such  distinctions  as  high-level  and  low-level  or  fluvial  and  interfluvial 
seem  inapplicable  to  it.  Its  relation  to  the  post-Pliocene  deposits  indi- 
(»ates  that  the  portion  near  the  coast,  at  least,  is  of  late  Columbia  age. 

The  post-Pliocene,  which  comes  between  the  Lafayette  and  the 
Columbia,  is  found  in  places  along  or  in  a  few  miles  of  the  coast.  It 
is  a  thin  stratum  of  sand  and  shells  and  is  of  no  special  importance  as  a 
water  bearer. 

WELLS. 


The  following  tables  present  a  comprehensive  summary  of  the  results 
of  numerous  wells  bored  in  the  Coastal  Plain  of  South  Carolina.  Smce 
the  list  was  made  a  considerable  number  of  new  wells  have  been  drilled, 
but  the  present  table  is  nevertheless  fairly  representative: 

Pariial  list  of  deep  ivells  in  South  Carolina.fi 


Locality. 


Abbeville  . 
Aiken  

Rninl>er^: 
30  wells 

5  wcIIh. 


Depth. 

Diame- 
ter. 

Capacity 
per  minute. 

QalUms. 
Many. 
50 

Height 
of  water.b 

Feet. 
520 
558 

65-100 

[      470 

495 

520 

I      665 

Inches. 

-    3 
-170 

8-6 

2 
2 
2 
li 

40 
85 
35 
40 

■♦-  15 
+  20 
+  12 
H-  30 

Remarks. 


In  ancient  crystallines. 

In  granite;  water  also  at  543 
feet. 


In  buhrstone. 


In  Potomac  sands. 


a  Darton,  N.  H.,  Artesian- well  prospects  in  the  Atlantic  Coastal  Plain  region:  Bull.  U.  S.  Geol.  Surrey, 
No.  i:J8,  pp.  210-211;  also  records  collected  by  the  writer. 
<♦  +.  lei-i  above  surface;    -,  feet  tielow  surface. 
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Pariinl  list  <tf  deep  welU  m  Stn/th  Toro/n/a— Continued. 


Locality. 


Depth. 


Barnwell 

Beaufort: 

Coosaw  Company 
Water  works 


Feet. 


800 
120 

BlacksvlUe 120 

Bluffton.     (See  Mays  River.) 
Camden,  2  wells CAS,  625 


Charleston,  6  wells 


{! 


Diame-  j   Cupac'ily 
ter.      per  minute. 


Inches.       GaUoiis. 


10 


Many, 


IleiKht 
of  water. 


Feel. 


Does   not 
flow. 


-20 


RemarkM. 


12G0-,I  .y.r. 

2000  !/      ^^~^ 


(Charleston,  9  wells 1323-475 


Water  fine.    Granite  below 
H2  feet. 


170^800 


Chester 


Do. 


600 


404'.' 


Clyde 152 

Connors 680  + 

(Conway,  several 210-240 


Darlington 

Cotton  factory... 

Denmark 

Estill 

Eutawville 

Do 

Florence,  city  works. 


Do 

Florence,  Ice  works 

Florence,  Machine  shop. . . 

Fort  Fremont 

FortMotte 

Grahamville.  2  wells 

Do 

Do 

Do 

Georgetown 

Georgetown,  10  wells 

Green  Pond 

Greenwood 

Halls  Island,  Donner  Brof* 


Hampton 
Do.... 
Do.... 
Do.... 


827 
280 

450 
850 
350 
100 
1,215 

182 
200 
420 
429 
141 
121 
220 
220 
350 
570 
66-74 
603 
400 
120 

583 
186 
46 
800? 


8 


8 


Many. 


6-2 


30 
30 
10 


+  4  , 

+25    Saline  water. 


Does   not 
flow. 


Hartsville,  8  wells 22R-240 

Jacksonboro 420 

Johns  Island !       500 

K  ingstrt'e,  Swells 3-20 

lAkke  City,  10  wells l(U)-320     3  and  2  i 

Manning 375  i  2  ! 

Marion 1,244  8-9 


2 

10—8 


Few. 

Many. 

100 


Small.  1 


Many. 
Many. 


Flows. 
To  surface. 

FJows. 
Puipped. 

yiows. 

Flows. 
Pumped. 

-  20 

-  24 


Perfectly  dry  hole.    In  din- 
rite. 

In  diorite.    Depth  also  given 
as  372  feet. 

In  Potomac  sands. 

Drilling. 

Some  sulphur. 

In  Potomac  formation. 

Waterfrom  212  feet. 

Water  from  150  feet. 


6 
2 
4 
4 


2 
3 

8  ^ 
6  I 


170 

Few  now. 

Few  now. 

Few  now. 

60-60 

Many. 

1 

4 

150 

Many. 


1  in.  N(  ream 


Flows. 


3  < 

I 

6  ' 


i 

11 

Many. 

7-15 

2 


Moncks  Comer 


179 


2 


i 


35 


Flow. 

Flow. 

+  10 

-  4 

Flows. 
_  4 

+20  above 
high  wa- 
ter. 

-  9 

-  3 

+  4 

Does    not 
flow. 

--  8 
Flows. 
Flows. 
Flows. 

M5 

Flows. 
-14 


606  to  1,335  feet  in  Newark 
I     sandstone:    waters  also  at 
600  and  800  feet. 

'  Fine  water. 
Do. 

Abandoned  in  quicksand. 
Another  well  is  164  feet  deep. 
Water  at  170  feet. 
Hard  water,  water  at  170  feet. 
Hard  water:  water  at 250  feet. 

8  feet  of  water. 
Temp.  7QP  F. 
In  ancient  crystallines. 
Sulphurous  water. 


I 


Soft,  irony  water. 
Irony  water. 

In  Potomac  sands. 
Temp.  72**  F. 
Temp.  70°  F. 
Fine  water. 

Soft. 

Small  flow  at  700  feet  on  top 
of  crystallines. 

16-148  feet  in  line  with  flint 
rock  below. 
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Partial  list  of  deep  veil*  in  South  Carolina — Continue<l. 


Locality. 


Moncks  Comer,  8  miles  diit- 
tant. 

Mays  River,  Bluffton 

Mays  River.  Capt.  f .  R.  Hay- 
ward's  place. 

Mavs  River,  Col.  J.  H.  Estill's 
place. 

Mavs  River.  Col.  J.  H.  Estill's 
plantation,  4  wells. 

Mays  River,  Snyder  &  Mit- 
tle's  sawmill. 

Newberry 


Oakley  Depot 


OraiiKebury?.  4  wells 

Oiisley 

Palmetto 


Peeples 

Port  Royal  Naval  Station. 


Port  Royal  Naval  Station,  3 
wells. 

Port  Royal  Naval  Station,  2 
wells. 


Do 


Rowesville 

St.  Matthews,  6  wells. 


Scran  ion 
Seabrook 
Shelden  . 


SulHvans  Island,  Fort  Moul- 
trie. 

Sumter 

Swansea 

Union 

Vamsvillc 

Walterboro 

Wedgefield 

Williston,  L.  Green 

Yemassee,  Q.  G.  Martin 


rk^.v»K  I  Dlame-     Capacity 
Depth.       ^^,r       per  minute. 


Feet.    I  Inehe».      UaUon» 


175 

165 
800 

190 

860 

106 

285 

299 

1,160 
380 
346 

858 
2A5 


15 

Many. 
Fair. 

Many. 

^auy. 

Many. 


2 


6 
6 


60     h  and  2 


95-98 

1.640 

185 
75-135 

170 
120 

152 ; 

1,306 

128 
100? 
300+ 
988? 
490  I 
580 
130  ' 
90 


6 

15-4 

3 
3 

2 
6 
3 

12-3 

2 


Many. 

Many. 

Not  any. 

6 

100 
Very  few. 

Many. 

125 


160 
Many. 

10 


HeiRht 
of  water. 


Peel. 
Flows. 


6 

6! 
3-2  I 

3  I 

4* 


Many. 
Many. 


5 


Yemassee,  J.  B.  Gregorie,  8     85-150 
wells. 


; 


Many, 


Many 


Flows. 


Flows. 


Nearly  to 
surface. 

Does   not 
flow. 

-48 


Nearly  to 
surface. 

Flows. 

Does  not 
flow. 

-  12-16 


Pumped. 


Remarks. 


Very  sulphurous  wateik 

Sulphurous  water. 

Fine  water. 

Do. 

In  grranite. 

Fine  water. 

Much  water  at  250  feet. 
In  Potomac  sands. 


Temp.,  76°  F. 
Water  very  impure. 

Water  hard  and  saliue. 

Good  water. 


Abandoned     in    Cretaoeotu 
clays. 

—6     Hard  water. 

Do    not     Excellent  water, 
flow. 

Flows.  ■ 

+  12  '  A  little  HsS. 


Docs   not 
flow. 


On  high  land. 


Flows.     Temp.,  89°  F.    Contains  iron 
I      and  soda. 

Flows.     Soft  water. 


-ll 


30 


Drilling.    In  granite. 


Soft  water. 


—90     Not  used. 


Flows    to     Sulphurous  water. 
+  13. 

+8  ,  Sulphurous  water;  flow  de- 
creasing. 


SUMMARY  OF  (COASTAL   PIAIN   SUPPLIES. 

ShalUm  wells. — The  shallow  wells  of  the  Coastal  Plain  are  sunk  in 
the  surficial  Lafayette  and  Columbia  formations.  These  wells  are 
usually  not  over  20  or  30  feet  deep.  Man\%  indeed,  are  from  8  to  12 
feet  deep,  and  in  wet  weather  many  of  tliem  are  entirely  full  of  water. 
Such  surface  water  is  as  a  rule  impure  and  unwholesome,  especially  if 
the  wells  be  open.     Driven  wells  are  now  largely  taking  the  place  of 
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open  wells.  A  2-inch  pipe  tipped  by  a  sharp-pointed  strainer  section 
is  driven  from  15  to  30  feet,  and  a  small  suction  pump  is  attached  to 
the  upper  end.  Such  wells  are  quickly,  easily,  and  cheaply  driven,  and 
do  not  permit  surface  waters  to  trickle  down  directly  from  the  surface, 
as  do  the  open  wells.  Their  watei's  are  more  wholesome  than  those  of 
open  wells,  but  their  general  use  will  not  solve  the  pure-water  problem 
for  the  Coastal  Plain. 

Deep  wells, — Many  farmers  are  sinking  artesian  wells  of  small  diame- 
ter and  moderate  depths  to  the  upper  part  of  the  Potomac  beds  in  the 
inner  half  of  the  CJoastal  Plain,  while  on  the  outer  half  wells  are  bored 
deeper  with  somewhat  less  certainty  of  getting  good  water  from  the 
lower  Eocene.  Unfortunately,  very  few  records  that  give  much  infor- 
mation as  to  the  age  or  kind  of  beds  passed  through  have  been  kept 
by  the  drillers  or  owners,  so  that  our  knowledge  of  the  underground 
waters  of  the  region  leaves  much  still  to  be  desired.  Experience,  how- 
ever, has  proved  that  in  man}'  parts  of  the  Coastal  Plain  the  chancers 
for  obtaining  supplies  of  deep  water  that  will  rise  nearly  to  or  just 
above  the  surface  are  excellent.  In  other  parts,  especially  very  near 
the  coast,  the  problem  is  more  uncertain. because  of  the  great  depth  of 
the  water-bearing  strata  and  the  greater  risk  of  finding  the  water  too 
highly  impregnated  with  various  mineral  matters  to  be  usable.  Numer- 
ous good  wells,  however,  have  been  drilled  near  the  coast,  and  drillers 
in  this  region  should  carefully  test  every  water-bearing  sand  of  any 
promise  as  they  go  down. 

The  use  of  artesian  water  has  greatly  improved  the  health  conditions 
on  the  Coastal  Plain.  Not  only  has  typhoid  fever  been  banished,  but 
of  greater  importance,  because  of  its  former  more  general  prevalenc*e, 
malaria  has  been  practically  banished  also,  despite  the  presence  of 
mosquitoes. 

Streams. — ^The  streams  of  the  flatter  portions  of  the  Coastal  Plain 
are  dark  wine-colored  from  the  presence  of  organic  matter.  Those  in 
the  sand  hills  are  usually  pure  and  clear  and  may  be  used  for  bleach- 
ing or  for  any  other  similarly  exacting  purpose  for  which  a  very  pure, 
clear  water  supply  is  necessar}'.  The  sand  hills  yield  their  under- 
ground waters  very  gradually  and  regularly  to  the  streams,  so  that 
stream  discharge  in  this  region  is  very  uniform. 

PRINCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  IT.  S.  Geol,  Suney 
No.  32,  pp.  79-80. 

Arteeian-well  prospects  of  the  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton:  Bull. 
U.  S.  Geol.  Survey  No.  138,  pp.  207-222. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  p.  43. 

Year  Book,  City  of  Charleston,  1881,  pp.  257-3i5. 


GEORGIA. 


By  S.  W.  McCallie. 


Georgia  may  be  divided  into  three  great  provinces — the  Coastal 
Plain,  the  Piedmont  Plateau,  and  the  Appalachian  or  Paleozoic  area — 
each  of  which  represents  a  great  time  division  of  geologic  history. 

COASTAIi  PliAIN. 

The  Coastal  Plain  includes  that  part  of  the  State  lying  south  of  an 
irregular  line  connecting  Augusta,  Macon,  and  Columbus,  and  com- 
prises more  than  one-half  of  the  entire  State.  In  this  region  the  rocks 
are  Cretaceous  and  Tertiary  clays,  sands,  and  soft  limestones,  having 
a  general  dip  southward  of  only  a  few  feet  to  the  mile.  The  sands 
and  limestones  usually  furnish  copious  supplies  of  water,  which  in 
some  instances  has  sufficient  head  to  be  used  for  irrigation  puiposes 
and  to  operate  machiner3\  The  waters  from  the  Cretaceous  beds  are 
uBuaHy  soft,  but  those  from  the  Tertiary  are  frequently  hard  and 
unsatisfactory  for  many  purposes. 

In  addition  to  the  underlying  Cretaceous  and  Tertiary  formations  two 
surficial  formations — the  Lafayette  and  the  Columbia — are  of  especial 
importance  in  connection  with  the  water  supply  of  shallow  wells. 
These  formations  consist  of  clays  and  sands,  and  cover  more  or  less 
completely  the  entire  Coastal  Plain.  The  Lafayette,  the  older  of  the 
two,  lies  unconformablv  on  the  Cretaceous  or  Tertiarv  rocks.  It  con- 
sists  of  orange  and  vari-colorcd  sands  and  clays  with  local  beds  of 
gravel.  Overlying  the  Lafayette  is  the  Columbia  formation,  which  is 
made  up  almost  entirely  of  rather  fine-grained  sand,  and  in  places 
attains  a  thickness  of  many  feet,  but  more  often  is  much  thinner,  or 
is  entirely  wanting.  These  two  surficial  deposits  are  the  main  sources 
of  the  water  supplying  the  shallow  wells  throughout  the  Coastal 
Plain,  and  they  also  govern  the  amount  of  rainfall  taken  up  by  the 
underlying  Cretaceous  and  Tertiary  sands  and  limestones.  Where  the 
Lafayette  formation  consists  largely  of  clay  it  forms  an  impervious 
water-bearing  stratum  which  to  some  extent  prevents  rainwater  from 
penetrating  the  underlying  Cretaceous  or  Tertiary  deposits.     On  the 
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other  hand,  the  Columbia  sands  absorb  a  lar^e  percentage  of  the  rain- 
fall, which  is  retained  until  taken  up  by  the  underlying  deposits. 
These  surficial  formations  either  increase  or  decrease  the  water  supply 
in  deep  wells  according  as  they  take  up  little  or  much  of  the  rainfall. 

PIEDMONT  AREA. 

The  Piedmont  Plateau,  or  crystalline  area,  embraces  all  of  that  part 
of  the  State  lying  north  of  the  Coastal  Plain  with  the  exception  of  the 
greater  part  of  ten  counties  in  the  northwestern  portion. 

This  region  is  an  old  eroded  land  surface,  formed  of  highl}-  meta- 
morphosed igneous  and  sedimentary  rocks,  which  are  frequently  weath- 
ered to  considerable  depths.  The  prevailing  rocks  are  slates,  schists, 
gneisses,  and  granites,  none  of  which  can  be  considered  water-bearers 
of  any  great  promise.  The  crystalline  area  is  noted  for  the  numer- 
ous small  springs  that  are  rather  evenly  distributed  throughout  it. 
There  are  a  few  large  springs,  but  they  are  rare  and  are  usually  due 
probably  to  the  presence  of  faults  leather  than  to  an^^  special  wat<M*- 
bearing  strata.  The  deep  weathering  of  the  rocks  is  fa  voidable  to  a 
copious  supply  of  w^ater  for  shallow  wells.  Nearly  all  of  the  small 
towns  are  supplied  by  such  w^ells,  which,  except  during  an  extremely 
dry  season,  furnish  an  abundant  supply  of  what  is  generally  supposed 
to  be  very  wholesome  water.  Deep  wells  have  been  drilled  by  some 
of  the  towns,  but  in  the  majoritj^  of  cases  the  amount  of  water  secured 
has  been  inadequate  to  supply  the  demand.  Furthermore,  the  geologic 
structure  of  the  crystalline  area  is  such  that  water  obtained  from  deep 
borings  is  likely  to  become  contaminated  sooner  or  later  from  surface 
drainage,  especially  where  there  is  little  or  no  sandy  soils  to  act  as  a 
filter,  and  where  the  upturned  edges  of  the  rocks  dip  at  a  high  angle. 

APPATiACIIIAX   OR  PAT^EOZOIC  AREA. 

The  Paleozoic  area  comprises  the  greater  part  of  ten  counties  in  tlie 
extreme  northwestern  part  of  the  State.  The  rocks  of  this  region  are 
limestones,  shales,  and  sandstones,  thrown  into  a  number  of  long 
parallel  anticlinal  and  synclinal  folds.  The  anticlinal  folds  in  many 
cases  have  been  decapitated  and  arc  now  replaced  by  valleys  of 
erosion,  while  the  synclines  form  the  intervening  ridges  or  mountains. 
These  structural  conditions  are  usuall}'^  unfavorable  for  flowing  wells, 
but  at  the  same  time  they  materially  allow  the  rainfall  to  be  rai)idly 
abvsorbed  by  the  upturned  edges  of  the  strata.  They  also  explain  the 
distribution  of  the  numerous  springs. 

The  water-bearing  strata  of  the  Paleozoic  area  are  the  limestones 
and  the  sandstones.  The  limestones,  from  which  most  of  the  under- 
ground water  is  obtained,  are  usually  heavy  bedded  and  compact. 
The  water  contained  in  them  frequently  occurs  in  deep  fissures  or 
channels  as  running  streams  of  considerable  size. 
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When  these  strata  outcrop  such  streams  give  rise  to  huge  springs, 
which  furnish  large  volumes  of  water,  and  which  often  occur  through- 
out the  Paleozoic  area.  The  largest  of  these  springs  are  generally 
found  along  fault  lines  or  near  the  contact  of  limestones  with  imper- 
vious shales.  The  water  from  these  large  springs  often  becomes 
muddy  after  a  heavy  rainfall,  showing  that  the  underground  stream 
which  supplies  them  with  water  has  direi^t  connection  with  limesinks 
or  other  open  cavities  on  the  surface.  Such  springs  are  also  more  or 
less  affected  by  droughts,  and  have  been  known  to  entirely  cease  flow- 
ing during  an  extremely  dry  season. 

The  sandstones  of  the  Paleozoic  area  which  are  here  spoken  of  as 
water-bearing  strata  are  confined  chiefly  to  Sand  and  Lookout  moun- 
tains. At  several  points  on  these  mountains  the  bore  holes  put  down 
in  prospecting  for  coal  have  furnished  rather  copious  supplies  of 
water.  The  numerous  coal  mines  located  on  these  mountains  also 
demonstrate  that  the  sandstones  are  water  carriers  of  considerable  im- 
portance. In  northwest  Georgia  are  also  very  favorable  conditions 
for  shallow  wells.  The  residual  clays  are  generally  of  such  thickness 
as  to  retain  a  high  percentage  of  the  rainfall  within  a  short  distance  of 
the  surface  and  supply  shallow  wells  with  ample  water  for  all  domestic 
purposes. 

UNDERGROUND  WATER  CONDITIONS. 

The  geologic  conditions  bring  out  prominently  marked  differences 
in  the  underground  water  conditions  of  the  different  parts  of  the  State. 
In  south  Georgia,  or  the  Coastal  Plain,  the  numerous  beds  of  sand  and 
porous  limestones  with  their  gradual  dip  southward  present  favorable 
conditions  for  deep  wells.  In  the  crystalline  and  Paleozoic  areas, 
where  the  foimations  are  much  folded  and  faulted,  underground 
water  reaches  the  surface  by  numerous  springs.  In  the  one  case  the 
deep-seated  underground  waters  reach  the  surface  through  artificial 
openings  made  by  the  drill,  and  in  the  other  they  come  up  through 
open  fissures  or  along  bedding  planer  of  the  rock.  In  the  first  case 
the  underground  waters  are  far  more  liable  to  become  contaminated 
by  surface  impurities  than  in  the  other.  This  is  due  to  the  high  or 
steep  dip  of  the  water-bearing  strata.  In  south  Georgia  the  under- 
ground waters  in  most  cases  probably  flow  through  several  miles  of 
porous  limestones  or  sands  before  reaching  the  deep  wells,  but  in  the 
northern  part  of  the  State  wells  equally  as  deep  may  be  supplied  with 
water  falling  as  rain  only  a  few  hundred  yards  distant. 

The  conditions  governing  the  water  supply  of  shallow  wells  are 
practically  the  same  in  all  parts  of  the  State,  especially  where  the 
wells  obtain  water  from  surficial  deposits  and  residual  clays. 

The  water  from  the  shallow  wells  supplying  small  towns  in  north 
Georgia  was  usually  found  to  be  in  fair  sanitary  condition,  but  in  a 
IRK  114—05 11 


156 


UNDEKQROOND    WATERS,   EASTERN    UNITED   STATES.      (w 


few  instances  analyses  made  in  the  laboratory  of  the  State  geolog- 
ical suiTey  gave  unmistakable  evidence  of  sewage  contamination. 
Certain  local  geologic  conditions,  which  are  peculiar  to  the  northern 
portion  of  the  State,  seem  to  be  the  cause  of  this  contamination.  They 
will  be  described  somewhat  in  detail. 

All  of  the  rivers  and  large  streams  throughout  the  crystalline  and 
the  Paleozoic  areas  traverse  valleys  of  erosion  which  vnry  in  width 


u  of  flowing  wellB  In  (Jforgla.    Flowing  weUs  may  be  obWni 

from  a  few  hundred  yards  or  less  to  a  mile  or  more.  These  valleys, 
parts  of  which  now  lie  several  feet  above  the  present  flood  pUin  of  the 
river,  are  often  covered  to  the  depth  of  many  feet  with  alluvial 
deposits  left  by  the  stream  when  it  flowed  at  a  higher  level.  The 
deposits  usually  occur  in  two  layers.  The  lower  layer,  which  lies 
directly  upon  the  eroded  edges  of  the   underlying   rocks,  consists 
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chiefly  of  coarse  waterworn  gravel  and  rounded  stones,  the  latter  often 
attaining  a  weight  of  many  pounds.  The  thickness  of  this  layer  is 
variable  and  depends  somewhat  upon  the  irregular  eroded  surface 
of  the  underlying  rock,  but  generally  it  is  from  10  feet  to  a  few 
inches.  The  upper  layer,  which  is  usually  much  thicker  than  the 
lower,  is  made  up  largely  of  silt  or  sandy  clays.  The  two  layers  are 
conformable  and  have  the  same  dip  as  the  eroded  surface  of  the  under- 
lying rock.  This  gives  to  the  entire  surficial  deposit  a  gradual  slope 
toward  the  center  of  the  valley  or  the  present  channel  of  the  stream. 
In  many  places  the  upper  of  the  two  surficial  beds  luus  been  removed 
by  erosion  along  the  edges  of  the  valley  so  that  the  underlying  gravel 
is  exposed.  These  exposed  edges  of  the  gravel  V>eds  present  most 
favorable  conditions  for  taking  up  the  surface  waters  as  they  escape 
from  the  adjacent  hillsides  to  the  valley  below  after  hard  showers. 
These  beds  form  a  very  imperfect  filter  and,  as  a  consequence,  the  well 
water  obtained  from  them  is  liable  to  become  contaminated  by  surface 
impurities. 

in  north  Georgia  some  of  the  towns  along  the  rivers  depend  for 
water  supply  almost  entirely  upon  surface  wells  penetrating  these 
gravel  beds.  In  laying  out  such  towns  it  has  been  the  custom  to  locate 
the  business  houses  and  the  residences  near  the  center  of  the  valley, 
and  the  bams  and  stables  along  the  margin  near  the  outcrop  of  the 
gravel  beds.  In  one  town  a  row  of  factor}^  houses  was  built  along  the 
outcrop  of  these  gravel  beds  and  there  was  an  epidemic  of  typhoid 
fever  throughout  the  town.  Another  town  where  the  well  waters 
were  contaminated  had  suffered  from  a  most  violent  epidemic  of 
typhoid  fever  a  few  years  previous.  With  a  comparatively  small  out- 
lay all  of  these  towns  can  be  supplied  with  excellent  water  from  the 
mountain  streams. 

MINERAIi  SPRINGS. 

Ten  springs  in  Georgia  reported  sales  of  water  in  1902.  The  total 
amount  sold  was  419,100  gallons,  valued  at  $60,797.  The  springs 
are  as  follows: 

"  Artesian  Lithia  Well,  Aostell,  Cobb  County. 
Bowden  Lithia  Springs,  Lithia  Springs,  Douglas  County. 
Catoosa  Springs,  Catoosa  County. 

Daniel  Mineral  Spring,  near  Union  Point,  Greene  County. 
Hughes  Mineral  Springs,  near  Rome,  Floyd  County. 
Medlock  Lithia  Springs,  Austell,  Cobb  County. 
Ponce  de  Leon  Spring,  near  Atlanta,  Fulton  County. 
Salt  Spring  Lithia  Well,  Austell,  Cobb  County. 
Siloam  Healing  Springs,  near  South  Atlanta,  Fulton  County. 
Sulpho-Magnesia  Lithia  Spring,  near  Austell,  Cobb  County. 
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FLORIDA. 


By  M.  L.  Fuller. 


Florida,  unlike  any  other  State  except  Louisiana,  lies  wholly  within 
the  Coastal  Plain,  although  Delaware  and  Mississippi  include  only  very 
small  areas  of  older  rocks.  While  in  both  geology  and  topography  it 
resembles  certain  portions  of  the  Coastal  Plain  region  in  other  States, 
it  is,  as  a  whole,  unique  in  its  characteristics. 

TOPOGRAPHY. 

The  relief  of  Florida  is  the  lowest  of  any  of  the  Eastern  States, 
only  about  a  quarter  of  its  area  standing  above  the  100-foot  level, 
while  only  a  few  isolated  points  exceed  200  feet  in  height.  Starting 
in  the  western  portion  of  the  State  the  highland  belt  skirts  the  north- 
ern boundary  to  Tallahassee,  beyond  which  it  extends  southward  along 
the  center  of  the  peninsula  to  a  point  east  of  Tampa.  Its  eastern 
border  stretches  northward  a  few  miles  west  of  St.  Johns  River  to 
the  northern  boundary  of  the  State  northwest  of  Jacksonville.  In 
this  region  soft  limestones  occur  extensively,  and  there  are,  especially 
in  the  peninsula,  many  sinks  and  depressions,  which  are  frequently 
oi'cupied  by  ponds,  lakes,  or  marshes.  It  is  the  gathering  ground  of 
the  flowing  watera  encountered  in  the  wells  nearer  the  coast.  On 
each  side  of  the  highlands  the  land  slopes  toward  the  coast,  becoming 
at  the  same  time  freer  from  sinks  and  similar  irregularities,  but  more 
or  less  cut  by  stream  channels.  Along  the  coasts  on  both  sides  of  the 
southern  portion  of  the  peninsula  are  numerous  low-lying  islands  or 
reefs  of  coral,  shell  fragments,  or  other  material.  The  interior  of  the 
southern  portion  of  the  peninsula  is  occupied  largely  by  vast  swamps, 
of  which  the  Everglades  is  the  most  extensive  and  best  known. 

The  population  is  largely  confined  to  the  highlands.  There  are  a 
few  cities  and  villages  near  the  Gulf  coast  west  of  the  Tallahassee 
region  and  a  considerable  number  about  Tampa  Bay.  The  Gulf  coast 
is  otherwise  thinly  inhabited.  On  the  Atlantic  side  there  is  a  line  of 
villages  and  towns  along  the  coast,  but  south  of  Titusville  the  interior 
is  largely  uninhabited.  Key  West  and  a  few  villages  and  towns  are 
located  on  the  keys  and  islands. 
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GEOIiOG  Y. « 

The  axis  of  the  peninsula  of  Florida  consists  largely  of  rotten 
cavernous  limestone,  white,  gray,  or  yellow  in  color  and  of  the  Ter- 
tiary age.  The  main  belt  of  these  beds  extends  from  the  vicinity 
of  Taylor,  Madison,  and  Suwanee  counties  southeastward  to  Pasco 
County  and  vicinity.  On  the  west  the  Lower  Oligocene  limestones  are 
separated  from  the  coast  by  a  strip  of  Upper  Oligocene  beds,  consist- 
ing of  somewhat  harder  and  more  massive  limestones  with  oec!asional 
beds  of  clay.  The  Upper  Oligocene  beds  extend  northwestward  paral- 
lel with  the  Gulf  shore  to  the  western  limits  of  the  State.  On  the  east 
the  Lowei  Oligocene  belt  is  limited  by  Octawaha  River,  beyond  which 
are  beds  of  Miocene  age  which  extend  nearly  or  quite  to  the  coast. 
Toward  the  west  a  strip  of  Miocene  parallels  the  coast,  lying  south  of 
the  Upper  Oligocene,  from  at  least  Ochlockonee  River  on  the  east  to 
Apalachicola  River  on  the  west.  In  the  southern  portion  of  the  State 
the  surlicial  rocks  are  of  late  Tertiary  age,  mainly  Pliocene,  and  con- 
sist of  marls,  gray,  green  and  blue  clays,  soft  limestones,  shale  beds, 
etc.  In  the  central  part  of  the  northern  portion  of  the  peninsula 
great  thicknesses  of  sands,  mainly  of  Quaternary  age,  cover  the  older 
rocks,  while  along  the  northern  boundary  in  the  western  part  of  the 
State  occurs  the  southern  edge  of  the  mantle  of  yellow  sands,  etc., 
generally  known  as  the  Lafayette  formation.  Local  deposits  of 
coquina  and  other  late  Pliocene  and  Quaternary  materials  occur  at  a 
number  of  points  near  the  coast.  The  structure  of  the  peninsula  is 
supposed  to  be  anticlinal,  and  the  occurrence  of  artesian  water  would 
appear  to  bear  out  the  assumption.  Except  along  the  belt  of  Lower 
Oligocene  limestones,  where  the  land  rises  to  an  elevation  of  about 
250  feet,  and  in  a  few  of  the  sand  hills  the  region  is  very  low. 

UNDERGROUND  WATERS. 

Highland  area, — Along  the  northern  border  of  the  State  and  in  the 
highlands  extending  southward  along  the  center  of  the  peninsula  the 
elevation  of  the  surface  generally  precludes  flowing  wells,  the  region 
being  one  of  catchment  mther  than  of  discharge.  There  is,  never- 
theless, frequently  a  range  of  75  feet  or  more  in  the  local  elevation  of 
the  surface  in  this  region,  and  flowing  wells  are  not  uncommon. 
They  depend,  however,  mainly  on  local  conditions,  artesian  areas  of 
any  extent  being  absent.  The  waters  seldom  rise  more  than  10  feet 
above  the  surface  even  when  the  wells  are  located  in  the  lowest  depres- 
sions. Fairly  good  water  may  be  obtained  in  most  instances  from 
drilled  wells  of  moderate  depth,  but  generally  pumping  has  to  be 
resorted  to. 

a  Compiled  from  data  fumiBhed  by  T.  Wayland  Vaughan. 
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Many  of  the  depressions  and  channels  of  the  highland  area  are 
marked  by  springs,  some  of  which  have  been  developed  as  resorts, 
while  the  waters  of  others  are  placed  on  the  market  for  medicinal 
purposes.  The  springs  are  numerous  and  frequently  of  large  size, 
giving  rise,  as  in  the  case  of  Silver  Springs,  to  streams  navigable  to 
their  source.  The  waters,  though  hard,  generalh'  contain  little  sul- 
phur and  iron  in  solution. 

West  coast. — From  the  highland  area  the  surface  gradually  slopes 


Flu.  22.— Principal  artesian  areafl  of  Florida. 

westward  and  southward  to  the  coast.  The  area,  as  a  whole,  is  very 
thinly  settled,  and  relatively  few  wells  have  been  drilled.  In  Hills- 
boro  and  Manatee  counties,  bordering  upon  Tampa  Bay,  and  in  the 
region  extending  into  Polk  County  on  the  east,  there  is  a  considerable 
number  of  flowing  wells.  Flowing  water  is  also  found  occasionally 
from  Perry  County  westward  to  the  western  limits  of  the  State,  and 
it  is  probable  that  it  could  generally  be  obtained  if  the  region  was 
thoroughly  tested.     The  land,  however,  is  relatively  low  and  ill  adapted 
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to  settlement,  and,  moreover,  contains  numerous  streams  and  springs, 
fcsome  of  the  latter  forming  streams  of  considerable  size.  The  waters 
are  generally  charged  with  sulphur  and  are  undesirable  for  many 
purposes. 

Eci^t  coast, — Most  of  the  flowing  wells  of  Florida  are  located  along 
a  strip  from  20  to  40  miles  in  width,  following  the  east  coast  from  the 
northern  boundary  of  the  State  southward  to  beyond  Jupiter  Point. 
The  wells  are  most  numerous  along  St.  Johns  River,  which  lies  but 
a  few  feet  above  sea  level  and  along  the  so-called  Indian  River  between 
the  main  coast  and  the  outlying  reefs.  The  waters  frequently  rise  10 
feet  or  more  above  sea  level,  and  in  some  cases  are  reported  to  rise  &s 
high  as  50  feet,  indicating  that  the  waters  are  derived  from  the  high- 
lands of  the  interior.  This  tends  to  bear  out  the  assumption  which  has 
been  made  as  to  the  arched  structure  of  the  rocks  of  the  peninsula. 
Artesian  wells  are  also  found  along  the  reefs  and  islands,  but  the  shal- 
low wells  in  such  locations  are  brackish. 

The  waters  from  the  flowing  wells  of  this  belt  are  extensively  util- 
ized for  irrigation  throughout  the  entire  strip,  both  on  the  mainland 
and  on  the  islands  or  keys.  The}^  are  usually  obtained  at  depths  of 
from  200  to  400  feet,  but  occasionally  wells  are  drilled  to  great  depths. 
A  few  very  deep  wells  failed  to  secure  satisfactory  supplies. 

Springs  of  considerable  volume,  generally  of  sulphur  water,  are 
found  along  St.  Johns  River  and  on  the  coast. 

Sand  area, — Overlying  a  considerable  area  in  the  north-central  part 
of  the  peninsula  and  to  a  lesser  extent  elsewhere  are  extensive  depos- 
its of  sands  of  Quaternary  age.  Throughout  this  region  the  ordinary 
wells  are  mainly  of  the  driven  type.  The  depth  is  commonly  from  10 
to  100  feet,  depending  largely  upon  the  elevation  at  which  the  well  is 
started.  The  water,  though  hard,  is  generally  not  otherwise  mineral- 
ized. In  most  instances  it  is  reported  to  be  satisfactory  as  regards 
health,  but  in  some  regions  is  not  considered  desirable  for  drinking 
purposes. 

mineraIj  springs. 

In  1902  sales  of  mineral  water  were  reported  by  the  following 
springs:" 

Hampton  Spring,  Rocky  Creek,  Taylor  County. 
Magnolia  Springs,  Magnolia  Springs,  Clay  County. 
Orange  City  Mineral  Spring,  Orange  City,  Volusia  County. 
Panacea  Mineral  Springs,  Wakulla  County. 
White  Sulphur  Springs,  White  Springs,  Hamilton  County. 

n  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  19M,  p.  996. 
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The  aggregate  output  is  reported  as  21,900  gallons,  with  a  value  of 
$8,277. 

PRINCIPAIi  PUBIilCATlONS. 

Florida  [well  and  spring  records],  by  M.  L.  Fuller  and  B.  M.  Hall:  Water-Supply 
and  Irrig.  Paper  U.  S.  Geol.  Survey,  No.  102, 1904,  pp.  238-275. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  85-87. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt  1,  by  N.  H.  Darton,  Water- 
Supply  and  Irrig.  Paper  U.  ti.  Geol.  Survey  No.  57,  pp.  21,  22. 


ALABAMA. 


By  Eugene  Allen  Smith. 


CRYSTAIililNE  SCHISTS. 

Under  this  head  are  included  both  the  igneous  and  the  metamorphic 
sedimentary  rocks,  which  from  their  close  texture  are  not  very  per- 
meable, and  hence  are  poorly  adapted  to  absorbing  and  storing  under- 
ground waters,  but  which  are  very  generally  covered  with  a  mantle  of 
sandy  cla3^s,  the  result  of  weathering,  which  yield  an  ample  supply  of 
water  to  springs  and  shallow  wells.  While  the  conditions  are  as  a  rule 
unfavorable  for  obtaining  artesian  waters,  there  are  two  wells  at  Alex- 
ander which  yield  abundant  water  but  do  not  overflow. 

NONCRYSTAIililNE  FORMATIONS. 

The  noncrystalline  formations  are  found  in  northeastern  Alabama,, 
and  together  with  the  crystalline  schists  cover  two-fifths  of  the  State. 
The  constituent  strata  are  sandstones,  shales,  and  limestones,  in  many 
alternations  and  of  various  degrees  of  purity.  Owing  to  folding 
and  other  movements  these  strata,  with  the  exception  of  the  Coal 
Measures,  have  a  very  decided  dip,  generally  toward  the  southeast. 
They  are  not  verj'^  porous;  but  the  sandstones  and  conglomerates,  when 
their  pores  are  not  too  much  clogged  with  argillaceous  and  calcareous 
material,  are  the  most  permeable. 

Sjrrings  and  shallow  wells. — In  all  the  Paleozoic  series,  and  espe- 
cially in  the  Carboniferous,  the  siliceous  rocks  above  mentioned  are  the 
sources  of  springs  and  shallow  wells  which  yield  pure  freestone  water, 
holding  in  solution  12  grains  or  less  of  mineral  matters,  mainly  the 
carbonates  of  sodium  and  calcium. 

The  shales  are  practically  impervious,  and  where  they  prevail,  as  in 
the  flatwoods  of  the  Cambrian  in  the  Coosa  Valley  above  Gadsden,  in 
the  central  belts  of  the  anticlinal  valleys,  and  in  some  parts  of  the  coal 
fields,  most  of  the  surface  springs  go  dry  in  summer  and  fall  months. 
In  some  parts  of  the  flatwoods  the  waters  from  the  shales  are  charged 
with  mineral  salts,  especially  the  sulphates  of  calcium  and  magne- 
sium— containing  as  high  as  127  grains  to  the  gallon.     From  certain 
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black  bituminous  snalels  of  the  Devonian  containing  disseminated  py- 
rites are  obtained  strong  sulphur  waters  that  are  known  bej^ond  the 
limits  of  the  State.  Such  waters  occur  at  Blount,  Shelby,  St.  Clair, 
Talladega,  and  Alabama  White  Sulphur  Springs. 

The  limestones  are  very  generally  fissured,  channeled,  and  traversed 
by  caves.  Surface  springs  in  limestone  are  therefore  not  important, 
except  where  they  are  formed  by  the  emergence  of  underground 
streams.  The  "  big  springs,"  or  limestone  springs,  thus  originating 
characterize  particularly  the  Knox  dolomite  of  the  Silurian  and  the 
lower  Eocarboniferous  formation.  Some  of  the  most  noted  of  these 
big  springs  are  at  Tuscumbia,  Huntsville,  Montevallo,  Talladega,  and 
Jacksonville.    The  water  is  always  charged  with  carbonate  of  lime. 

Artesian  systems. — The  compactness  and  the  steep  dip  of  the  rocks 
in  the  Paleozoic  area  do  not  offer  favorable  conditions  for  artesian 
wells,  yet  in  a  few  cases  deep  borings  have  been  successful.  Thus  at 
Anniston  several  wells  in  Cansbrian  strata  have  a  depth  of  250  to  500 
feet,  and  the  water  rises  nearly  to  the  surface,  but  does  not  overflow. 
The  supply  is  ample  for  the  furnaces  for  which  the  wells  were  bored. 
On  the  southeastern  slope  of  Red  Mountain,  near  Gate  City,  there  are 
four  borings  which  reach  depths  of  25,  85,  103,  and  344  feet.  From 
two  of  these  the  water  overflows;  in  the  others,  on  slightly  higher 
ground,  it  rises  nearly  to  the  surface. 

In  the  Tennessee  Valley,  west  of  the  meridian  of  Huntsville,  the 
Eocarboniferous  strata  have  a  moderate  southerly  dip,  and  in  most  of 
the  deep  borings  the  water  rises  usually  to  within  30  feet  of  the  sur- 
face, as  near  Sheffield  and  Russell ville.  A  well  near  Decatur  flows  about 
10  gallons  per  minute.  This  well  was  bored  seventy-five  years  ago, 
and  there  has  been  no  perceptible  diminution  during  this  time.  In  the 
Coal  Measures  of  the  Warrior  basin  the  moderate  and  uniform  dip  of 
the  strata  is  favorable  to  artesian  wells,  but  the  texture  of  the  sand- 
stones and  other  strata  is  not.  Deep  borings  about  Cullman  and  Tus- 
caloosa reach  water  which  rises  in  the  wells  and  can  be  pumped.  At 
Jasper  a  deep  well  overflowed  for  some  years  after  it  was  bored,  but 
does  not  now. 

Several  borings  in  and  near  Tuscaloosa  penetrate  the  Coal  Meas- 
ures and  get  a  fairly  good  supply  of  water  which  rises  in  the  wells 
but  does  not  overflow.  At  the  furnace  of  the  Central  Coal  and  Iron 
Company  the  well  yields  500  gallons  per  minute.  The  water  contains 
sodium  chloride  and  the  salts  of  magnesium  and  calcium. 

COASTAIi  PLlAJN. 

In  the  Coastal  Plain  region,  which  includes  about  three-fifths  of  the 
State,  the  most  important  rocks  are  Cretaceous  and  Tertiary.  The 
Cretaceous  overlies  the  Paleozoic  unconformably,  and  is  in  tuni  over- 
lain by  the  Tertiary.     The  strata  of  both  series  are  composed  of  alter- 
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nating  beds  of  sands,  clays,  and  limestones,  and  have  a  slight  Gulf- 
ward  dip,  which  averages  40  feet  to  the  mile.  The  surface  of  the 
country  slopes  in  the  same  direction,  hut  at  a  much  less  rapid  rate, 
the  elevation  being  about  600  feet  above  tide  on  the  landward  margin, 
and  200  feet  in  the  two  coast  counties.  Thus  the  lithologic  and  phys- 
ical characters,  the  arrangement,  and  the  gentle  uniform  southward 
slope  of  the  component  beds  provide  requisite  conditions  for  artesian 
systems. 

The  Cretaceous  and  Tertiary  rocks  are  covered  unconformably  by 
one,  and  in  some  places  by  two,  formations  of  much  later  date — the 
Lafayette  of  Quaternary  age  and  the  Grand  Gulf  of  late  Tertiary  or 
possibly  Quaternary.  The  Lafayette  is  far  more  extensive  than  the 
Grand  Gulf  group,  as  it  covers  or  has  covered  the  entire  Coastal 
Plain,  and  sometimes  for  miles  overlaps  the  Paleozoic  area.  It  was 
once  probably  continuous  over  this  region,  but  it  is  now  much  dis- 
sected, and  has  been  almost  entirely  removed  on  some  areas,  especially 
the  chalk  of  the  Cretaceous  and  the  post-oak  flatwoods  of  the  Tertiary. 
The  Grand  Gulf  group,  on  the  other  hand,  is  confined  to  the  lower 
counties.  In  the  western  half  of  this  region  it  overlaps  the  Miocene 
and  the  uppermost  (St.  Stephens)  formation  of  the  Eocene.  Toward 
the  east  it  covers  parts  of  the  Claiborne  and  even  of  the  "  Lignitic,"  and 
extends  to  the  border  of  the  Cretaceous. 

The  underground  waters  in  the  Coastal  Plain  are  hence  obtained  from 
two  sources — the  artesian  water  from  older  rocks  (Cretaceous  and  Ter- 
tiary) and  the  surface  waters  from  the  two  surface  mantles. 

SPRINGS  AND  SHALLOW  WELLS. 

The  Lafayette  formation,  consisting  of  red  sandy  loam  overlying 
irregular  beds  of  pebbles  and  averaging  20  to  25  feet  in  thickness, 
is  most  admirably  adapted  for  absorbing  and  storing  the  rainfall. 
At  its  contact  with  the  underlying  older  formations,  pure  freestone 
water  occurs  in  springs,  and  may  be  made  available  everywhere  by 
means  of  shallow  wells.  As  the  water  percolates  through  sands  and 
pebbles,  it  takes  in  solution  a  very  small  amount  of  mineral  matter, 
generally  less  than  3  grains  to  the  gallon,  of  which  carbonate  of  lime 
is  the  chief  ingredient.  Wherever  this  mantle  is  found  in  patches  of 
considerable  extent,  a  never  failing  supply  of  the  purest  water  may 
be  counted  on,  and  the  country  is  traversed  by  perennial  streams. 
However,  it  does  not  afford  the  requisite  conditions  for  artesian  sys- 
tems, (1)  because  of  the  great  irregularity  in  the  stratification  due  to 
erosion  and  (2)  because  being  a  mantle  it  has  a  southward  dip  not 
greater  than  the  slope  of  surface. 

The  Grand  Gulf  group  resembles  the  Lafayette  and  underlies 
it  directly  wherever  the  two  occur  together,  but  is  much  more  lim- 
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ited  in  distribution  and  more  uniform  and  regular  in  stratification. 
It  is  therefore  well  adapted  to  serve  as  a  water  reservoir.  Its  waters, 
like  those  of  the  Lafayette,  are  in  general  exceptionally  pure,  though 
sometimes  highly  charged  with  dissolved  salts,  mainly  carbonate  of  lime. 
In  the  best  of  them  there  are  not  more  than  5  grains  of  mineral  matter 
to  the  gallon.  Freely  flowing  springs  and  perennial  streams  are  not, 
however,  so  characteristic  of  this  as  of  the  Lafayette.  Shallow  ponds 
and  depressions,  where  the  moisture-loving  plants  constituting  the 
^^ pine-barren'^  flora  find  their  most  favorable  conditions  of  existence, 
are  typical  features  of  the  Grand  Gulf  territory. 

This  formation  is  an  admirable  cover  for  artesian  waters,  because 
of  the  thick  stratified  clays  in  its  upper  members.  Over  a  large  por- 
tion of  this  region,  notably  about  Brewton  and  Pollard  and  other 
localities  in  Escambia  County,  water  of  good  quality  flows  from 
borings  100  to  400  feet  deep.  The  water  is  obtained  in  part  from  the 
Grand  Gulf  group  and  in  part  from  the  underlying  Tertiary'  beds. 

Springs  and  shallow  wells  which  obtain  water  from  the  older  forma- 
tions vary  in  character.  If  they  have  their  origin  in  the  great  sand  for- 
mations of  the  lowermost  Cretaceous  and  of  the  Tertiary,  they  are 
numerous  and  reliable,  though  the  water  is  sometimes  unpalatable 
because  of  much  dissolved  mineral  matter.  In  the  limestone  forma- 
tions of  the  middle  Cretaceous  and  upper  Tertiary,  surface  waters  are 
small  in  amount  and  unreliable,  compelling  recourse  to  artesian  wells. 

ARTESIAN  WATER  SYSTEMS. 

The  materials  and  the  structure  of  the  Coastal  Plain  formations  are 
favorable  to  artesian  wells,  as  the  strata  are  composed  of  sands  and  clays 
in  many  alternations,  and  have  a  moderate  and  uniform  dip  southward. 

The  two  lowermost  divisions  of  the  Cretaceous — the  Tuscaloosa  and 
the  Eutaw — are  prevailingly  sands,  alternating  with  sheets  of  clay. 
The  Tuscaloosa  is  of  fresh- water  origin,  while  the  Eutaw  is  a  marine 
deposit.  The  water  obtained  from  the  Tuscaloosa  beds  holds  usually 
less  than  15  grains  of  dissolved  solids  to  the  gallon,  mainly  the  car- 
bonates of  lime  and  sodium,  with  smaller  proportions  of  sodium 
chloride  and  magnesium  carbonate.  The  potable  waters  of  the  Eutaw 
sands,  on  the  other  hand,  contain  from  15  to  30  grains  of  solid  matters 
per  gallon,  and  the  chloride  and  carbonate  of  sodium  predominate, 
though  occasionally  the  carbonate  of  lime  is  more  abundant.  Some  of 
these  waters  are  brines,  holding  as  much  as  260  grains  of  sodium 
chloride  to  the  gallon. 

In  the  area  of  the  Selma  chalk  which  immediately  overlies  the 
Eutaw  surface  waters  are  practically  nonexistant  except  in  wet 
weather,  and  recourse  must  be  had  to  artesian  wells  or  to  cisterns  sunk 
in  the  solid  chalk  rock.  In  this  section  most  of  the  artesian  wells 
obtain  water  from  the  Eutaw  sands,  which  are  300  feet  thick  and  in 
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which  four  water  horizons  are  recognized  by  well  borers.  The  fourth 
or  lowermost  is  generally  the  strongest  and  most  reliable,  yielding 
generally  flowing  water  where  the  altitude  is  not  over  215  feet  above 
tide.  In  the  eastern  part  of  this  area,  in  Russell  County  particularly, 
the  water  sometimes  rises  to  altitudes  of  300  feet. 

Along  the  southern  border  of  the  chalk,  as  at  Livingston  and  Linden, 
artesian  borings  must  traverse  the  entire  thickness  of  the  limestone— 
1,000  feet — before  reaching  the  water-bearing  sands.  Near  the  north- 
ern border,  of  course,  the  borings  are  much  shallower,  but  here,  in 
order  to  get  a  copiouH  and  reliable  water  supplj',  the  borings  must 
frequently  go  deep  into  the  Tuscaloosa  strata  underlying  the  Eutaw. 
The  upper  members  of  the  Tuscaloosa  contain  much  purplish  or 
reddish  clay,  generally  referred  to  by  the  well  borers  as  the  ^^pink 
kaolin." 

Hundreds  of  artesian  wells  supply  the  plantations  of  the  prairie 
belt  across  the  State  and  many  cities,  among  which  are  Eutaw,  Greens- 
boro, Marion,  Selma,  Demopolis,  Uniontown,  Montgomery,  and  Union 
Springs. 

The  uppermost  of  the  Cretaceous  formations,  the  Ripley,  is  formed 
of  calcareous  sands  which  weather  at  surface  into  loose  sands  and  are 
well  adapted  to  collecting  and  storing  surface  waters.  Springs  and 
shallow  wells  in  consequence  generally  afford  an  ample  supply  of 
water,  which  is  usually  limy.  Below  the  belt  of  weathering,  however, 
these  beds  do  not  appear  to  be  very  permeable,  as  is  shown  by  the 
failure  of  most  of  the  deep  borings  into  them. 

Near  the  base  of  the  Tertiary,  west  of  Alabama  River,  200  feet  of 
massive  clays  give  rise  to  the  post-oak  flatwoods  which  are  charac- 
terized by  heavy  cold  soils,  defective  drainage,  and  deficiency  of 
springs  and  surface  waters  generally  during  the  dry  seasons.  The 
shallow  wells  sunk  into  these  clays  give  a  scanty  and  unreliable  supply 
of  water  which  is  often  unfit  to  drink  because  of  excess  of  dissolved 
salts,  especially  magnesium  sulphate,  which  is  sometimes  present  to 
the  amount  of  100  to  210  grains  per  gallon.  Waters  of  this  character 
from  wells  near  York  and  Curls,  in  Sumter  County,  are  extensively 
used  for  medicinal  purposes.  The  failure  of  the  underlying  Ripley 
sands  to  supply  good  artesian  water  is  a  great  drawback  to  the  flat, 
woods  territory. 

East  of  Alabama  River  the  prevailing  beds  near  the  base  of  the 
Tertiary  are  limestones,  which  in  Barbour  County  are  of  sufficient 
thickness  to  give  rise  to  caverns,  '^  Big  Springs,"  and  water  conditions 
similar  to  those  of  other  limestone  areas. 

In  the  "  Lignitic"  group  of  the  Tertiary  the  alternations  of  sands  and 
clays  and  their  uniform  moderate  dip  are  favorable  to  artesian  systems, 
and  two  artesian- water  horizons  are  well  known,  the  Nanafalia  and  the 
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Ilatchetigbec.  The  same  conditions  prevail,  also,  in  the  lower  part  of 
the  Claiborne  division,  but  the  St.  Stephens  limestone  at  the  top  of  the 
Ek>cene  is,  of  course,  not  to  be  counted  among  the  good  water  bearers. 
In  the  Tertiary  area  of  Alabama  the  artesian  wells  are  not  so  common 
as  in  Mississippi,  but  there  are  enough  of  them  to  prove  that  artesian 
water  of  good  qualit}'  may  be  had  in  abundance.  The  abundance  of 
good  water  furnished  by  the  Lafayette  formation  has  rendered  the 
sinking  of  artesian  wells  for  individual  use  unnecessary,  but  many 
towns  in  the  lower  counties  have  recourse  to  deep  borings  for  their 
supplies,  and  the  number  of  artesian  wells  increases  yearly. 

The  late  Tertiary  (Miocene)  formations  underlying  Mobile  and 
Baldwin  counties,  have  likewise  all  the  requisites  of  artesian  systems. 
In  and  near  the  city  of  Mobile  several  wells,  700  to  1,650  feet  deep, 
obtain  abundant  water,  which  is  sometimes  potable  and  sometimes 
excessively  salty.  On  the  coast  at  Bayou  La  Batre  an  artesian  well 
supplies  the  canning  factory.  It  is  680  feet  deep,  and  the  water  rises 
15  feet  above  the  surface.  The  water  holds  only  14.4  grains  of  dis- 
solved mineral  salts  per  gallon,  chiefly  the  chloride  and  carbonate  of 
sodium. 

BRINE  AND  OAS  WELLS. 

This  record  would  be  incomplete  without  some  reference  to  the  brine 
and  gas  wells  of  Washington  and  Clarke  counties,  which  occur  along 
the  southern  border  of  the  Hatchetigbee  anticline  and  its  southeast- 
ward prolongation.  Most  of  these  borings  are  located  in  the  palmetto 
flats  of  small  creeks,  near  their  mouths,  and  at  the  base  of  hills  capped 
with  the  St.  Stephens  limestone.  Beginning  in  Claiborne  strata  at  the 
surface  they  penetrate  100  to  400  feet  into  the  underlying  Hatchetigbee 
sands.  The  water  rises  to  the  surface  in  all  cases,  and  at  many  points 
there  are  natural  brine  oozes,  which  may  be  converted  into  reservoirs 
of  salt  water  by  inclosing  an  area  of  16  or  20  feet  diameter  by  a  pali- 
sade of  heavy  timbers  and  digging  out  the  interior.  During  the  civil 
war  the  brine  from  these  wells  and  reservoirs  was  extensively  used  in 
the  manufacture  of  salt.  In  most  cases  natural  gas  in  considerable 
quantity  accompanies  the  salt  water,  and  frequently  the  weak  brines  are 
strongly  impregnated  with  sulphuretted  hydrogen  gas,  producing  the 
most  palatable  sulphur  waters  in  the  State. 

Of  this  character  are  the  waters  of  the  well  at  Jackson,  in  Clarke 
County,  and  at  several  of  the  salt  works.  Natural  gas  is  also  Asso- 
ciated with  the  salt  waters  from  other  horizons.  The  deep  well  at 
CuUom  Springs,  Choctaw  County,  yields  nmch  gas  along  with  salt 
water,  and  the  Bascomb  well  near  Mobile  throws  up  a  foaming  jet  of 
mingled  salt  and  gas,  which  on  ignition  burns  with  a  flame  several  feet 
in  height. 
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MINERAIi  SPRINGS. 

Of  the  many  large  springs  only  eight  were  reported  in  1902  as  util- 
izing their  water  for  shipment.     These  springs  are  as  follows: 

Bailey  Springs,  Bailey  Springs,  Lauderdale  County. 

Cherokee  Spring,  Citronelle<  Mobile  County. 

Healing  Springs,  Healing  Springs,  Washington  County. 

Ingram  Lithia  Springs,  Calhoun  County. 

MacGregor  Spring,  Spring  Hill,  Mobile  County. 

Talladega  Springs,  Talladega  County. 

Wilkinson's  Matchless  Mineral  Wells,  Greenville,  Butler  County. 

York  Aperient  Well,  York,  Sumter  County. 

The  total  output  is  placed  at  68,050  gallons,  with  a  value  of  $28,109. 

PRINCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  8.  Geol.  Survey  No. 

32,  pp.  88-94. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt  1,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  8.  Geol.  Survey  No.  57,  pp.  10-11. 
Alabama  [well  records],  by  £.  A.   Smith:  Water-Supply  and  Irrig.  Paper    U.   8. 

Geol.  Survey  No.  102,  pp.'  276-331. 
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MISSISSIPPI 


By  L.  C.  Johnson. 


GEOIiOGY. 


The  geologic  structure  of  Mississippi  is  very  simple,  but  the  details 
of  the  distribution  of  various  formations  are  hard  to  make  out  owing 
to  the  extent  to  which  the  underlying  rocks  are  concealed  by  more 
recent  deposits,  such  as  the  river  alluvium,  loess,  and  Orange  sand  or 
Lafayette  formation. 

The  oldest  rocks  in  the  State  are  comprised  in  a  series  of  limestones 
of  Mississippian  (''Lower  Carboniferous")  age,  which  outcrop  in 
northeastern  Mississippi  and  cover  much  of  Tishomingo  County,  and 
a  small  portion  of  Itawamba  County.  South,  southwest,  and  west  of 
this  older  rock  mass  outcrop  successive  parallel  bands  of  later  rocks, 
which  dip  away  from  the  Carboniferous  mass  in  a  direction  which 
varies  from  south  to  west.  Along  the  Alabama  State  line,  for  exam- 
ple, the  dip  is  practically  due  south;  along  the  Tennessee  line  it  is 
almost  due  west,  while  in  intervening  sections  it  is  southwest.  The 
amount  is  slight,  averaging  probably  about  25  to  35  feet  to  the  mile. 
Southward  or  westward  from  Tishomingo  County  newer  and  newer 
series  of  rocks  outcrop  until  recent  alluvial  deposits  are  found  along 
the  Gulf  and  Mississippi  River. 

The  distribution  of  the  more  impoi*tant  of  the  geologic  formations 
are  shown  in  the  accompanying  sketch  map  (fig.  23). 

MISSISSIPPIAN   (''lower  CARBONIFEROUS")    ROCKS. 

The  Mississippian  rocks  occupy  an  area  covering  portions  of  Tisho- 
mingo and  Itawamba  counties.  They  consist  largely  of  limestones. 
They  abound  in  springs,  which  are  so  numerous  and  accessible  that 
there  has  been  little  demand  for  deep  borings,  though  open  wells  with 
a  depth  of  100  feet  and  yielding  good  water  are  not  uncommon.  A 
few  of  the  well  waters  are  mineralized.  Some  of  the  springs  issue 
from  the  Mississippian  rocks  and  some  from  the  Cretaceous  sands 
which  thinly  cover  the  harder  rocks  along  the  borders  of  the  area. 

Two  importont  spring,  occur  in  the  area.  The  first,  known  as  Bay 
Spring,  is  located  near  the  falls  of  Mackay  Creek,  and  may  have  its 
source  within  fissures  of  the  limestone.  The  waters  are  of  normal 
purity.     The  second  spring,  the  luka,  is  a  medicinal  spring  containing 
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considerable  amounts  of  sulphur,  iron,  sodium,  and  calcium.  It  is 
locatetl  in  the  city  of  the  same  name  and  has  been  developed  as  a  health 
and  pleasure  resort. 

CRETACEOUS   DEPOSITS. 

Southwest  of  the  Mississippian  ai-ea  are  the  Cretaceous  formations. 
These  occupy  a  belt  outcropping  around  the  area  of  Misi^issippian 
rocks.     In  general,  wat«r  may  he  obtained  in  this  section  by  wells  »l 


Flu.  23,— Oeologic  nketi-h  DUip  ol  Mlnintppt. 

a  depth  of  from  200  to  1,500  feet,  the  depth  increasing  with  the  dis- 
tance from  the  contact  with  the  Mississippian.  Few  of  the  wells  flow, 
hut  the  water  generally  rises  to  within  easy  pumping  distance  of  the 
surface.  In  quality,  the  water  is  usually  more  or  less  alkaline,  but  in 
R  few  wells  it  is  pure  and  soft. 
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TSiscalooM  far  nation, — ^This  oldest  Cretaceous  formation,  which  con- 
sists largely  of  variable  beds  of  sands  and  clays,  is  separated  into  two 
parts  by  a  persistent  bed  of  purplish  clay.  The  upper  portion 
generally  yields  only  small  amounts  of  unsatisfactory  water,  but  the 
lower  half  and  the  sandy  bed  at  the  top  of  the  upper  half  yield  copious 
supplies  of  good  water.  Wells  drawing  their  supplies  from  this 
formation  are  located  at  Columbus,  Lowndes  County,  at  Gattman, 
Aberdeen,  and  Amory,  Monroe  County,  and  elsewhere.  Springs  are 
not  uncommon  where  streams  have  cut  into  the  deposits.  Kolola 
Spring  on  Buttahatchee  River,  in  Lowndes  County,  has  considerable 
reputation  because  of  the  medicinal  properties  of  its  water,  which 
carries  sodium,  potassium,  magnesium,  calcium,  and  iron,  especially 
the  latter. 

Eutaw  beds. — ^The  name  Eutaw  has  been  applied  to  the  sandy  beds 
between  the  Tuscaloosa  formation  and  the  overlying  Selma  chalk.  In 
Alabama  the  £utaw  beds  usually  yield  saline  waters,  but  in  Missis- 
sippi they  are  not  water  bearing,  the  wells  generally  passing  through 
them  into  the  underlying  Tuscaloosa  formation. 

SdmiacTwUcoT RottenlimmUme. — In  Mississippi  this  formation  is  not 
a  water-bearer,  but  throughout  the  prairie  regions  of  the  northeastern 
part  of  the  State  it  serves  as  a  cap  rock  to  the  water-bearing  bed  at  the 
top  of  the  Tuscaloosa  formation.  There  are  more  than  a  hundred 
deep  wells  each  in  Noxubee,  Lowndes,  Clay,  Monroe,  and  Lee  counties, 
and  there  is  a  large  number  of  wells  in  Oktibbeha,  Chickasaw, 
Prentiss,  and  Union  counties.  In  the  western  parts  of  these  counties 
there  are  fewer  wells  than  in  the  eastern,  not  because  of  the  impos- 
sibility of  obtaining  water,  but  because  the  wells  must  be  deeper  and 
are  therefore  more  costly. 

The  regularity  of  the  water-bearing  beds  as  shown  by  the  wells 
indicates  there  has  been  no  material  disturbance  or  dislocation  of  the 
deposits  beyond  a  simple  tilting  westward  from  the  contact  of  the 
Rotten  limestone  and  Tuscaloosa  beds  at  the  rate  of  25  feet  to  the  mile. 

Ripley  beds. — ^The  Ripley  beds  in  Mississippi  consist  of  a  series  of 
sands,  marls,  and  limestones  outcropping  west  and  southwest  of  the 
Selma  chalk  or  Rotten  limestone.  Until  recently  no  water  supplies  of 
importance  had  been  obtained  from  these  beds,  but  abundant  water 
has  lately  been  found  in  a  number  of  wells  at  Ecru,  in  Pontotoc 
County.  The  wells  appear  to  be  located  in  a  local  syncline  or  trough 
and  have  an  average  depth  of  about  200  feet.  Most  of  them  flow  at 
the  surface. 

Springs  are  not  abundant  in  the  Ripley  beds,  but  they  frequently 
occur  along  its  contact  with  the  overlying  Lafayette  sands  and  gravel. 
The  large  Blue  Mountain  Spring  is  an  example  of  this  type.  It  car- 
ries a  small  amount  of  calcium  and  magnesium  carbonates,  derived,  it 
is  supposed,  from  the  underlying  marls  of  the  Ripley  beds. 
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TERTIARY  DEPOSITS. 

Westward  from  the  limits  of  the  Selma  chalk  or  Rotten  limestone 
to  the  delta  district,  and  southward  to  the  southern  portion  of  the 
State,  lies  the  broad  belt  of  Tertiary  deposits,  which  have  been  divided 
into  a  considerable  number  of  formations,  each  of  which  is  considered 
below. 

Midway, — ^The  Midway  beds  consist  of  limestones  overlying  the 
Kipley  sands,  marls,  etc.  The  thickness  is  slight  and  they  do  not 
carry  any  considerable  amount  of  water. 

^^Lignitic'^'*  group. — One  of  the  most  important  divisions  of  the  Ter- 
tiary is  the  "Lignitic"  group,  which  is  further  subdivided  in  Alabama 
into  (1)  the  Sucarnochee,  consisting  of  black  clays,  (2)  the  Naheola. 
(3)  the  Nanafalia,  (4)  the  Bashi,  and  (5)  the  Hatchetigbee  formations. 
The  last  four  consist  largely  of  gray  lignitic  clays,  with  occasional  marl 
beds  and  some  water-bearing  sand. 

The  general  structure  of  the  region  underlain  by  the  Lignitic  group 
is  favorable  to  obtaining  water,  both  by  wells  and  springs.  The  sur- 
face elevation,  however,  is  so  nearly  uniform  that  even  deep  borings 
seldom  produce  flowing  wells.  Where  the  streams  have  cut  into  the 
deposits  numerous  springs  issue  from  the  banks,  except  in  the  case  of 
the  Sucarnochee  formation. 

The  Sucarnochee  formation  is  a  deep  black  clay,  very  impervious  to 
water.  Springs  frequently  issue  from  the  more  porous  beds  overlying 
it,  but  it  is  itself  practically  destitute  of  water. 

The  Naheola  formation  contains  a  few  sandy  beds  yielding  ^mall 
flows  of  water.  Wells  at  Lauderdale  penetrate  these  beds  at  depths 
of  from  100  to  200  feet,  and  obtain  weak  flows  rising  2  or  3  feet  above 
the  surface.  Similar  wells  have  been  obtained  in  this  formation  at 
scattering  points  elsewhere.  Some  of  the  largest  springs  of  Missis- 
sippi appear  at  the  contact  of  the  Naheola  with  the  underlying  clays 
of  the  Sucarnochee  formation.  Like  the  Naheola  these  formations 
consist  of  grayish  lignitic  clays  with  occasional  marl  and  sand  beds. 
They  are  not  important  water  horizons.  At  Meridian  borings 
penetrated  the  "Lignitic"  strata  from  the  Hatchetigbee  down  to  the 
Sucarnochee,  but  the  water  only  rose  to  within  20  feet  of  the  surface. 

There  are  a  number  of  springs  from  the  Nanafalia  formation,  one  of 
which,  the  Lauderdale,  is  of  considerable  importance.  The  waters, 
which  carry  considerable  sulphur,  issue  from  lignitic  beds  on  a  branch 
of  the  Sucarnochee  River,  near  Lauderdale.  A  health  resort  has  been 
developed  at  the  spring. 

The  Hatchetigbee  formation  is  similar  to  the  preceding  Lignitic 
formations,  but  carries  thicker  beds  of  sand,  and  is  therefore  a  more 
important  water-bearing  formation.  It  underlies  a  considerable  por- 
tion of  the  delta  deposits,  and  is  thought  to  be  the  source  of  water  of 
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the  wells  drilled  through  the  deposits  of  the  delta  at  Memphis,  Tenn. , 
Tunica,  Coahoma,  Quitman,  Tallahatchie,  Leflore,  Sunflower,  Bolivar, 
and  other  places.  The  depth  constantly  increases  toward  the  south 
and  west  from  850  to  1,300  feet. 

The  most  important  spring  in  the  Hatchetigbee  deposits  is  the  Arun- 
del Lithia  Spring.  The  water  issues  from  the  Hatchetigbee  sands, 
where  Oktibbee  River  and  Sowoshee  Creek  have  removed  the  Buhr- 
stone  and  cut  away  the  sands  down  to  the  stiff  clay  beneath.  Consid- 
erable amounts  of  the  water  are  sold.  The  whole  of  the  adjoining 
region  is  marked  by  numerous  springs,  but  in  general  none  of  them 
have  been  improved  nor  the  water  marketed. 

Taliahatta  fat^ination  {buhrstone). — The  Tallahatta  formation  con- 
sists essentially  of  a  series  of  hard  sandy  beds,  more  or  less  porous  in 
places,  comprising  the  lower  portion  of  the  Claiborne  group.  It  con- 
tains little  water  in  itself,  but  forms  an  impervious  cap  rock  to  the 
water-bearing  sands  of  the  underlying  Hatchetigbee.  By  its  resist- 
ance to  erosion  the  Tallahatta  has  given  rise  to  an  elevated  ridge  which 
is  of  much  assistance  in  the  location  of  water-bearing  beds.  Water 
which  rises  to  a  greater  or  less  distance  is  almost  always  found  beneath 
it,  the  local  topography  determining  whether  the  well  will  flow  or  not. 
This  horizon  supplies  the  wells  at  Stonewall  (300  feet),  Quitman  (500 
feet).  Enterprise  (200  feet),  all  in  Clarke  County;  at  Grahams  Switch 
(90  feet),  and  Meehan  Junction,  in  Lauderdale  County,  and  at  Chunky 
and  Hickory  (500  feet),  in  Newton  County.  It  is  also  probable  that 
the  artesian  flows  at  West,  Pickens,  Durant,  Tchula,  and  Lexington, 
in  Holmes  County,  are  from  the  same  source.  To  the  above  list  may 
possibly  be  added  the  deep  wells  at  Jackson,  Hinds  County  (964  feet), 
and  at  Canton,  Madison  County  (1,020  feet),  both  of  which,  however, 
were  bored  through  the  Jackson  and  Claiborne  marls  before  pene- 
trating the  Hatchetigbee  beneath  the  buhrstone. 

Lisboii  formation  {calcareous  Claihome), — This  formation  consists 
of  marls  and  green  sand,  and  has  a  total  thickness  of  about  300  feet. 
It  contains  several  minor  beds  of  ferruginous  water-bearing  sands,  but 
none  of  them  are  as  persistent  as  the  Hatchetigbee.  One  of  these  beds 
is  encountered  at  300  feet  at  Shubuta,  and  at  500  feet  at  Waynesboro. 
The  water  from  these  wells  is  colored  by  the  iron,  and  is  also  highly 
alkaline. 

A  local  sand  bed  of  the  Lisbon  formation  yields  colorless,  but 
chalybeate  water  in  the  double  wells  at  Shubuta,  and  in  the  wells  at 
De  Soto  and  Pachuta.  The  water  in  the  last  well  only  comes  within 
20  feet  of  the  surface. 

Springs  are  by  no  means  rare  in  the  Lisbon  area,  but  they  are 
generally  supposed  to  come  from  the  overlying  Lafayette  sand.  A 
few,  however,  are  probably  of  deeper-seated  origin.  The  Archusa 
Spring,  near  Quitman,  Clarke  County,  is  derived  from  these  beds. 
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The  water  is  sulphurous  and  alkaline.  The  Pierce  Spring,  near  the 
banks  of  Bucatanna  Creek,  in  eastern  Clarke  County,  is  also  strongly 
mineralized.  The  Robinson  Spring,  in  Madison  County,  which  has 
been  developed  as  a  health  resort,  yields  water  similar  to  that  of  the 
springs  in  Clarke  County. 

Jacksati  and  Vickshurg  formatimis, — ^These  two  formations,  which 
may  be  grouped  together,  consist  of  marls,  clays,  and  limestone,  the 
latter  predominating  in  the  upper  or  Vicksburg  division.  There  are 
few  sandy  beds  and  artesian  waters  are  generally  lacking.  The  flow- 
ing wells  located  in  the  area  of  outcrop  obtain  water  from  the  fer- 
ruginous sands  of  the  Lisbon  formation  at  Shubuta  and  Waynesboro, 
and  from  the  Hatchetigbee  sands  at  Jackson  (964  feet)  and  Canton 
(1,020  feet).  An  important  mineral  well,  known  as  the  Cooper  well, 
is  located  3  miles  east  of  Raymond.  It  is  90  feet  deep,  and  at  this 
point  has  been  developed  the  most  important  health  resort  in  the  State. 
The  water  contains  iron,  magnesia,  soda,  and  sulphur.  Another  well- 
known  mineral  well,  near  Hazlehurst,  Copiah  County,  obtains  water 
from  this  formation.  The  water  is  impregnated  with  sodium  and 
magnesium  chlorides  and  calcium  sulphates.  It  occurs  at  a  depth  of 
68  feet,  probably  in  a  lignite  bed.  A  third  mineral  well  of  impor- 
tance is  the  Godbold,  li  miles  from  Summit,  Pike  County. 

Springs  in  the  area  of  outcrop  of  this  formation  are  really  from  the 
sands  and  gravels  of  the  overlying  Lafayette.  The  best  known  of 
these  break  out  along  Paulding  Ridge,  in  Jasper  County.  Those 
issuing  on  the  north  side  generally  yield  pure,  soft  water;  those  on 
the  south  are  usually  mineralized.  The  Phalti  Spring  (sec.  8,  2  N., 
R.  13  E.);  Bay  Spring,  at  Bay  spring  post-office;  Donald's  mineral 
spring,  near  Weems;  and  Vosburg  and  Stafford  springs,  in  the  same 
vicinity,  are  among  the  most  important. 

Grand  Gulf  group. — The  Grand  Gulf  is  by  far  the  most  extensive 
formation  in  the  State,  and  consists  of  a  variable  series  of  sandstones, 
sands,  and  lignitic  clays.  Pi'actically  every  sand  bed,  of  which  there 
are  a  great  number,  is  water  bearing,  and  supplies  are  obtained  by 
dug,  bored,  and  drilled  wells.  Where  stream  erosion  has  cut  into  the 
beds  to  any  considerable  distance  springs  occur.  At  Hattiesburg^, 
Laurel,  Brookhaven,  and  Natchez  water  is  obtained  at  depths  of  from 
200  to  400  feet,  but  only  at  Hattiesburg  does  it  rise  above  the  surface. 
There  are  considerable  evidences  of  undulations  of  the  beds  in  the 
Grand  Gulf  area,  the  flowing  water  at  Hattiesburg  being  referred  to 
a  shallow  synclinal  trough  at  that  point. 

Among  the  springs  and  mineral  wells  may  be  mentioned  the  Missis- 
sippi Springs  in  Hinds  County  (sec.  2,  T.  5  N.,  R.  4  E.);  the  Mammoth 
Mineral  Springs,  Perry  County  (sees.  24  and  25,  T.  5  N.,  R.  14  W.); 
and  Rawls  Spring,  2  miles  farther  west.  The  Manunoth  Spring,  6 
miles  northwest  of  Hattiesburg,  is  a  large  spring  issuing  from  lig- 
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nitic  claj's.     Both  the  Mammoth  and  Raw  Is  springs  are  noted  for  the 
medicinal  value  of  their  waters. 

QUATERNARY. 

Lafayette  sands  and  graveh.  — The  Lafayette  formation  is  poorly 
defined,  but  may  be  considered  as  made  up  of  a  series  of  yellowish 
or  orange  sands  and  gravels  occurring  as  a  mantle  over  the  outcropping 
edges  of  the  (irrand  Gulf  and  other  formations.  Because  of  its  sandy 
and  gravelly  character  it  contains,  especially  at  the  base,  a  large  amount 
of  water,  which  is  usuall3'  pure  and  soft,  and  which  is  obtained  by 
shallow  wells. 

Loess  aiid  loam, — The  loess  consists  of  fine  fossiliferous  yellowish 
silts,  while  the  loam  consists  of  browner  silts,  possibly  produced  by 
the  weathering  of  the  loess.  The  deposits  occur  over  the  Yazoo  delta 
region  in  the  northwestern  part  of  the  State.  Only  very  small  amounts 
of  water  can  be  obtained  in  the  loess  or  loam,  practically  all  of  the 
wells  passing  through  it  into  the  underlying  Lafayette  or  still  older 
formations. 

Pontchartrain  clay  and  Bilovn,  sand, — The  Pontchartrain  clay  is  a 
greenish  clay  occurring  in  a  narrow  belt  in  the  extreme  southern  part 
of  the  State,  and  separated  from  the  coast  by  a  very  narrow  strip  of 
sandy  beds,  known  as  Biloxi  sands.  Shallow  wells  in  these  two  for- 
mations everywhere  obtain  abundant  water  at  shallow  depths,  although 
the  quality  is  not  always  satisfactory.  To  obtain  flowing  water  the 
wells  must  extend  to  the  Grand  Gulf  formation.  Water  is  found  at 
depths  of  approximately  400,  600,  700,  850,  and  900  feet. 

The  buckshot  lands  of  the  delta  have  sometimes  been  referred  to  the 
Port  Hudson  group,  which  includes  the  two  formations  under  discussion. 
The  water  is  generally  fairly  abundant  and  soft,  but  has  not  been  found 
to  be  wholesome  for  drinking.  In  the  northern  part  of  the  delta  area 
water  can  be  obtained  from  deep  wells  i-eaching  to  the  Tertiary  beds. 

Allumum, — Under  alluvium  are  included  the  surface  materials  of 
the  Mississippi  delta  region  and  the  deposits  in  the  lower  portions  of 
the  courses  of  other  large  streams.  The  waters,  though  soft,  are  not 
regarded  as  wholesome. 

MENERAIi  WATERS. 

In  1902  shipments  of  mineral  water  were  reported  from  the  follow- 
ing seven  springs: 

Anindel  Lithia  Springs,  near  Meridian,  Lauderdale  County. 

Browns  Wells,  Browns  Wells,  Copiah  County. 

Castalian  Springe,  near  Durant,  Holmes  County. 

Godbold  Mineral  Well,  near  Summit,  Pike  County. 

Lowes  Wells,  Hazlehurst,  Copiah  County. 

Robinson  Mineral  Springs,  Robinson  Springs,  Madison  County. 

Stafford  Mineral  Springs,  near  Vosburg,  Jasper  County. 
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The  aggregate  amount  sold  is  reported  as  459,485  gallons,  valued  at 

$77,868. 

PRLNCIPAIi  PUBIilCATIONS. 

Mineral  Bpring;8  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  95-97. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt  1,  by  N.  H.  Darton: 
Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  57. 

Mississippi  [well  records],  by  L.  C.  Johnson  and  £.  C.  Eckel:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  pp.  332-357. 


LOUISIANA  AND  SOUTHERN  ARKANSAS.^ 


By  A.  C.  Veatch. 


GSNERAIi  GEOIiOGY. 

Louisiana  and  Arkansas,  south  of  Arkansas  River  and  the  mountains, 
have  the  same  general  structure  as  the  great  American  Coastal  Plain,  of 
which  they  form  a  part.  The  land  is  highest  toward  the  old  plateau 
and  mountain  region  to  the  northwest.  The  beds  are  for  the  most  part 
unconsolidated,  succeed  one  another  in  more  or  less  regular  succession, 
range  in  age  from  Cretaceous  to  Recent,  and  in  general  have  a  dip 
coastward  that  is  greater  than  the  slope  of  the  surface.  This  relation 
of  dip  to  surfac^e  slope  supplies  conditions  which  are  favorable  for 
artesian  water,  thei*efore  flowing  wells  should  be  expected  in  many 
parts  of  the  Coastal  Plain.  In  some  cases  the  leakage  and  resistance 
of  the  sands  so  reduces  the  pressure  that  the  water  will  not  flow, 
although  the  altitude  of  the  well  mouth  is  less  than  that  of  the  point 
where  the  sands  come  to  the  surface  and  where  the  water  enters;  in 
others,  erosion  has  so  changed  the  surface  of  the  plain  that  the  well 
mouth,  though  south  of  the  outcrop  of  the  water-bearing  bed,  is  higher, 
and  the  water,  therefore,  will  not  flow.  In  Louisiana  and  southern 
Arkansas  the  older  beds  slope  toward  the  Mississippi  Valley  as  well 
as  toward  the  coast.  Some  of  these  older  beds  are  very  much  dis- 
turbed and  form  peculiar,  sharp  domes,  and  as  they  often  contain  salt 
water,  and  are  frequently  broken  by  the  folding,  the  salt  water  is  free 
to  pass  into  the  sands  of  the  surrounding  younger  formations.  VV^hile 
these  domes  disturb  the  conditions  in  certain  tracts,  there  are  still 
larger  areas  in  which  wells  have  found  good  water.  A  study  of  these 
well  records  and  of  the  general  structure  of  the  country  shows  that 
the  following  principal  water  horizons  are  present:  Bingen  sand, 
Nacatoch  sand,  Sabine  sands,  Catahoula  sandstone.  Pliocene  and 
Quaternary  sands  and  gravels. 

The  relation  of  these  beds  to  one  another  is  shown  in  tigs.  24  and 
25,  and  their  geologic  age  and  relation  to  adjacent  beds  are  shown  in 
the  table  following. 

a  A  preliminary  statement.  A  detailed  report  on  this  area,  embodying  records  of  all  important 
wells  and  well  prospects  for  each  county  is  now  in  preparation  and  will  be  ready  for  distribution 
late  in  1905. 
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Water-bearing  value  of  geologic /omuUions  of  Louisiana  and  iotUhem  Arkansas. 


Period  or  formation. 


Quaternary 

Pliocene 

Miocene 

Oiigocene: 

Fleming 

Catahoula . . . 

Vicksburg . . . 

Eocene: 

Jackson 

Cock  field.... 

Claiborne 

Sabine  ^ 

Midway 

Upper  Cretaceous: 
Arkadelphia. 

Nacatoch 

Marl  brook 

Annona  

Brownstown  . 
Bingen  

Lower  Cretac^eous 
Paleozoic 


Maximum 
thickness. 


^0  2,000 


(?) 

±200 
61,000 

50-100 

500 
500 

500 
1,000 

(?) 

</600 
150-200 


400 
-flOO 

300 
-f500 

'550 


(?) 


Water-bearing  value. 


Contains  gravel  and  sand  beds,  which  furnish 
the  main  supply  of  water  in  southern  Louiti- 
iana. 

As  surficial  deposits  on  the  uplands  and  in  the 
valleys,  supply  much  of  tlie  shallow  well 
water  of  this  region. 

No  surface  outcrop,  and  hence  probably  of  no 
importance  as  a  water  horizon. 

Clays  and  marly  clays;  no  water-bearing  value. 

The  coarser  sandstone  layers  of  this  fonnation 
furnish  excellent  water.  Three  or  four  hori- 
zons have  been  developed. 

Exposed  in  only  one  part  of  the  area  and  of 
no  importance  from  a  water  standpoint. 

Clays  and  clay  marls  with  occasional  sand  beds; 
water  generally  hard  and  seldom  developed. 

The  sandy  be<is  occurring  near  the  base  of 
the  formation  are  second  in  importance  only 
to  the  Sabine. 

Clays  and  clay  marls  containing  sand  Ijeds  of 
little  importance  as  water  horizons. 

The  sands  of  this  formation  are  the  important 
water  horizons  of  the  greater  {jart  of  northern 
Louisiana  and  adjacent  parts  of  Arkansas. 

Exposed  only  to  a  limited  extent  in  one  part  of 
the  area,  and  unimportant  as  a  water-bearer. 

Clay  beds,  which  serve  to  retain  water  in 
Washington  sands. 

One  of  the  most  extensively  developed  water 
sands  of  this  region.  Very  gooil  water 
near  the  outcrop,  but  brackish  in  the  embed. 

1  Clays,  clay  marls,  and  chalk;  serve  to  retain 
/     water  in  the  Bingen  sands. 

Persistent  sandy  bed,  furnishing  water  over 
a  wide  area. 

Not  known  to  contain  any  important  water- 
bearing layers  in  this  region,  though  the 
great  aevelopment  in  eastern  Texas  would 
lead  us  to  expect  some  development  here. 

Hard  rock  layer  very  much  disturbed.  Con- 
tains water,  but  its  occurrence  can  not  Im* 
predicted  until  the  geology  of  the  region  i.s 
minutelv  understood.  In  general,  not  very 
good  field  for  water  wells. 


»Uarrifi.  G.  D.,  Organic  remains  from  the  deep  well  at  Galveston-  Fourth  Ann.  Rept.  Geol.  Siirvey 
Texa«,  18»{.  p.  UK.    HarriR.  G.  D..  Report  of  Louisiana  Geol.  Survev  for  1902.  p.  S2. 

bBased  on  dip  otileulationM  on  the  Sabine  River,  and  on  the  thicsncss  of  these  beds  in  the  Alexan- 
dria. La.,  wellH.  800+  feet. 

rKame  adopted  to  supplant  Lignitic.  taken  from  tvpical  fosiliferdus  development  of  the  formation 
on  the  Sabine  River,  in  Sabine  County.  Tex.,  and  Sabine  Parish,  La. 

rfBa.sed  on  wellM  Houth  of  Hope,  at  Arkadelphia  and  Shreveport;  may  be  in  part  Midway. 

«  Hill,  R.  T.,  The  MeHozoic geology  of  southern  Arkansas:  Ann.  Rept.  Arkansas  Geol.  Survey  for  18ti8, 
p.  188. 
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WATER  HORIZONS. 

Lower  Cretaceini». — The  lower  Cretaceous  occupies  the  wedfife-sbapea 
territory  between  tlie  Paleozoic  rocks  »nd  the  Hingen  sands  (fig.  24). 
All  deep  wells  in  this  region  have  thus  far  failed  to  yield  water,  though 
the  extensive  development  of  water  sands  in  this  group  in  Texas  leads 


1  BhowQ  In  ««.  I 


to  the  )>elief  that  further  attempts,  especially  in  the  western  part  of 
the  State,  will  not  be  fruitless.  The  best  water-bearing  sands  are  to 
be  expected  near  the  base  of  (he  Cretaceous  or  just  above  bed  rock. 
The  depths  at  which  l>ed  rock  will  l>e  encountered  may  be  roughly 
found  by  multiplying  the  distance  in  miles  between  the  Paleozoic  out- 
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crop  and  the  point  where  the  well  is  to  be  sunk  by  the  average  rate  of 
slope  of  the  bed-rock  sui-face,  100  to  125  feet  per  mile. 

Bingen  sand.^ — ^The  Bingen  sand  comes  to  the  surface  along  and  south 
of  the  line  shown  in  figs.  24  and  25.  Along  this  line  shallow  wells  are, 
therefore,  the  rule,  but  as  the  sand  dips  at  a  rate  of  50  to  75  feet  per 
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FiQ.  25.— Artesian  areas  in  Louisiana  and  southern  Arkansas. 

mile  in  a  southeasterly  direction,  the  wells  get  deeper  to  the  south, 
and  reach  an  extreme  depth  of  784  feet  near  Columbus,  a  little  north 
of  the  outcrop  of  the  Nacatoch  sand.  Some  failures  have  been 
reported  in  the  lower  part  of  this  territory,  notably  at  Columbus  and 

a  Name  used  by  Hill  for  beds  which  he  doubtfully  referred  to  the  Eocene.  These,  with  the  excep- 
tion ol  a  single  Nacatoch  outcrop  which  was  incorrectly  Included  in  this  series,  are  now  known  to 
pass  beneath  the  Brownstown  and  to  represent  the  littoral  beds  of  the  basal  upper  Cretaceous. 
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Mansfield 
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obtained  soft  water.  '^ 

Ndcatoch  mnd^, — ^This  sand,  like  the  Bingen,  9 

is  of  very  great  value  to  a  large  section  in  south-  § 

em  Arkansas,  where  it  is  practically  the  only  ^ 

available  source  of  well  water.     In  areas  under-  F 

lain  by  the  Bingen  and  Nacatooh  sands  the  sur-  % 

face  formations  are  rich,  calcareous  clays,  with  I 

here  and  there  thin  coatings  of  younger  gravel,  •« 

and   the  surface  water  is  generally  hard  and  | 

very   unsatisfactory.      Persistent  water-bearing  ?• 

horizons,  which  are  so  well  understood  that  the  | 

depth  to  water  can  be  predicted  at  any  point  2. 

and  which  will  furnish  soft  artesian  water  over  1. 

wide  areas,  can  not  fail  to  have  a  great  effect  on  *» 

the  development  and  land  values  of  the  regions  | 
which  they  underlie. 

The  Nacatoch  sand  has  been  extensively  de- 
veloped along  the  line  of  the  Iron  Mountain 
Railroad  from  west  of  Red  River  almost  to  Arka- 
delphia  (fig.  24).  It  dips  southeastward  at  a  rate 
of  from  50  to  100  feet  per  mile  until  it  reaches  a 
point  about  8(X)  feet  below  sea  level,  when  it 
abruptly  becomes  horizontal  and  continues  so  to 
a  point  somewhat  south  of  Shreveport,  where  it  again  slopes  normally 

o  Name  taken  from  typical  exprmre  at  Nacatoch  Bluff  on  Little  Mlaeouri  River  in  Clark  County.  This 
formation  includes  the  sand  beds  between  the  Marlbrook  and  Arkadelphla  which  Hill  included  in  his 
Washington  or  High  Bluff  greenaands  (Ann.  Kept.  Arkansas  Oeol.  Survey  for  1888,  vol.  2,  1888,  pp. 
72-75.188). 


liookeaburg 
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Washington,  but  they  were  due  to  the  fact  that  the  wells  were  aban- 
doned before  the  required  depth  had  been  reached. 
The  greatest  development  has  naturally  been  in 
the  region  where  flowing  water  can  be  obtained 
(fig.  25).  The  maximum  depth  to  which  wells  will 
be  driven  in  this  region  will  probably  not  exceed 
5)00  feet,  as  before  this  depth  will  become  neces- 
sary the  Nacatoch  sands  will  appear  on  the  surface, 
making  good  shallow  wells  possible. 

The  water  is  very  soft  and  somewhat  alkaline,  | 
except  in  wells  which  do  not  flow  and  have  only  SS 
been  partially  cased,  and  in  which  the  water  there-  2> 
fore  stands  in  contact  with  the  overlying  calcare-  % 
ous  clays.  Hard  water  has  been  found  in  a  few  ^ 
wells,  as  at  Hudson  and  near  Burtsell,  but  in  these  B 
it  seems  to  occur  in  the  calcareous  beds  which  ^ 
overlie  the  Bingen  sands,  and  the  indications  are  | 
that  if  the  wells  had  been  deepened  200  or  300  ?^ 
feet  they  would  have  reached  the  Bingen  and 
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coastward  (fig.  26).  This  extensive  horizontal  development  would 
make  this  sand  of  great  value  over  wide  areas  were  it  not  for  the 
fact  that  south  of  a  line  which  runs  ir- 
regularly  from  3  to  16  miles  from  the 
outcrop  the  water  is  salty.  Seemingly 
that  portion  of  the  sand  near  the  outcrop 
has  been  thoroughly  washed  by  percolat- 
ing waters,  while  that  less  favorably  situ- 
ated is  in  its  original  salty  condition,  and 
the  saltiness  may  even  have  been  increased 
b}'  matter  washed  down  from  the  upper 
layers.  Developments  at  Texarkana,  Jef- 
ferson, Shreveport,  and  Frierson  have 
yielded  impotable  water,  which  at  the  last 
three  places  is  artesian,  indicating  an  arte- 
sian basin  covering  a  considerable  part  of 
the  Red  River  Valley  (fig.  25).  The  brine 
which  occurs  in  some  of  the  Cretaceous 
uplifts  in  northern  Liouisiana  is  likewise 
from  this  horizon.  In  general,  it  is  felt 
that  that  portion  of  the  sand  which  lies 
south  of  the  area  shown  in  fig.  24  will  not 
furnish  potable  water. 

Sabme  group. — Under  this  head  is 
classed  not  a  single  well-defined  horizon 
like  the  Nacatoch,  or  Bingen,  or  other 
Cretaceous  beds,  but  a  number  of  some- 
what irregular  water  sands  occurring 
throughout  a  formation  which,  in  the 
western  part  of  this  area  attains  a  thick- 
ness of  perhaps  1,000  feet.  The  lowest 
of  these  sands  occurs  about  700  feet  above 
the  Nacatoch,  and  like  it,  is  very  nearly 
horizontal  over  a  considerable  area  (figs. 
26,  27).  Eastward  and  southward  this  bed 
dips  gently  toward  the  Mississippi  Valley 
and  the  coast. 

Other  sand  beds  occur  in  the  fonuation 
above  this  one,  at  varying  distances  from 
each  other,  and  of  varying  thickness. 
Nine  have  been  developed  at  Plymouth, 
La.,  and  six  at  Ruston.  These  beds  thin 
and  thicken  very  rapidly,  so  that  in  one 
well  a  sand  may  be  developed  which  in  a  nearby  well  is  too  thin  to 
give  results.     Wells,  then,  show  considerable  irregularity  in  depth. 
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some  wells  developing  one  bed  and  t»ome  another;  but  in  general  the 
wells  are  deeper  to  the  south  and  toward  the  Mississippi  Valley,  as 
in  each  case  the  dip  carries  the  sands  beneath  younger  beds,  and  it 
becomes  necessary  to  pass  through  a  certain  thickness  of  overlying 
deposits  even  to  reach  the  topmost  water  sands  of  this  series. 

The  failures  in  the  southern  part  of  the  territory,  near  Natchitoches 
and  Luella,  La.,  are  due  to  the  occurrence  of  salt  water,  which  is 
doubtless  traceable,  in  part,  to  the  neighboring  uplifts  of  the  older 
Cretaceous  beds.  These  beds  generally  carrj'  artesian  brines,  and  as 
they  are  often  broken  the  brine  leaks  into  the  surrounding  Sabine 
sands.  In  the  region  of  these  domes  it  is  often  possible  to  predict  the 
position  of  a  sand,  but  it  is  quite  impossible  to  indicate  the  kind  of 
water  it  will  contain.  It  is  believed  that  the  sands  which  furnish 
brine  at  Luella  and  Natchitoches  are  a  continuation  of  the  sands 
which  yield  good  water  about  Shreveport. 

Co€kfieldhe4h, — Overlying  the  Sabine  are  the  fossiliferous  Claiborne 
beds,  which  have  little  water-bearing  value.  Above  the  fossiliferous 
Claiborne  are  the  Cockfield  beds,  which  contain  near  their  base  an 
important  water-bearing  horizon.  In  central  Louisiana  the  deeper 
wells  which  penetrate  this  horizon,  as  those  at  Leland,  Rochelle,  Olla, 
TuUos,  and  Colfax,  obtain  impotable  water,  though  an  exception  is  to 
be  noted  in  the  case  of  the  deep  well  at  Robinsons  Ferry  on  Sabine 
River^  in  which  a  soft,  pleasant-tasting  water  is  reported  at  a  depth  of 
1 ,010  to  1 ,030  feet.  Near  the  outcrop  successful  wells  have  been  finished 
at  Clarks  in  Catahoula  Parish,  and  at  Weavers  Spur  in  Natchitoches 
Parish. 

In  southeastern  Arkansas  and  noi*thwestern  Mississippi  this  horizon 
is  very  extensively  developed  and  furnishes  good  supplies  of  soft 
alkaline  water  at  depths  of  400  to  500  feet  below  sea  level."  Between  it 
and  the  base  of  the  Jackson  in  this  region  a  number  of  water  sands 
have  l)een  developed  in  different  wells,  but  they  show  little  regularity 
and  the  better  wells  have,  almost  without  exception,  J)een  finished  in 
the  main  horizon. 

The  outcrops  of  the  Cockfield  sands  in  Arkansas  and  Louisiana  are 
all  relatively  low,  and  the  water  will  generally  not  rise  much  above 
100  feet  above  se^  level.  Flowing  wells  will  be  obtained  along  the 
main  stream  channels  in  central  Louisiana.  In  Arkansas  and  north- 
western Mississippi  the  artesian  area  is  near  the  eastern  side  of  the 
flood  plain  where  a  relatively  higher  head  is  developed,  because  of  the 
greater  average  height  of  the  Mississippi  hill  lands.  Water  will  rise 
very  near  the  surface  over  all  the  flood  plain,  but  in  Arkansas  it  is 
regarded  as  quite  impossible  that  flowing  wells  will  be  obtained. 

"The  wells  in  Chicot,  Drew,  Bradley,  Cleveland,  and  Jefferson  counties,  except  the  deep  ones  at 
Pine  Bluff,  which  are  incorrectly  marked  8  in  flg.  28,  should  be  credited  to  this  horizon. 


186       UNDERGROUND    WATER8,  EASTERN    UNITED   STATES.       [no.  114. 

Jackson  beds, — Beds  of  this  age  generally  furnish  hard  water,  and 
are  therefore  not  extensively  developed. 

Catahcml<i  heds.^ — The  sands  and  sandstone  of  this  formation  are 
good  water  carriers,  and  have  yielded  excellent  results  in  central  Lou- 
isiana, where  they  furnish  flowing  wells  at  Zimmerman,  Boyce,  Alex- 
andria, Pollock,  and  Harrisonburg.  Several  horizons  have  been  devel- 
oped which  furnish  soft  water  of  a  very  good  quality,  and  it  is  prob- 
able that  over  a  considerable  area  along  Ouachita  and  Black  rivers  and 
about  Catahoula  Lake  and  Little  River  (fig.  25)  flowing  water  is  to  be 
expected  from  these  sands.  Flowing  wells  will  doubtless  be  obtained 
in  Sabine  River  Valley  below  the  outcrop  of  the  Catahoula,  as  indi- 
cated by  the  water  obtained  from  these  beds  on  the  Angelina  near 
Rockland,  Tex. ;  but  in  the  high  hill  region  about  Leesville  the  wells 
will  probably  be  very  deep,  and  the  water  will  have  to  be  pumped 
some  distance. 

Pliocene  and  Qvxitemary  gravels. — These  sands  and  gravels  underlie 
a  large  portion  of  southern  Louisiana,  and  should  doubtless  be  regarded 
as  the  most  important  water  horizon  in  the  State.  The  outcrops  on 
the  hill  lands  are  large,  and  therefore  the  amount  of  rainwater  passing 
into  them  is  great.  Covered  with  the  more  recent  coastal  clays,  they 
furnish  artesian  water  over  considerable  areas  (fig.  24),  and  over  still 
larger  areas  (fig.  25)  the  water  rises  so  near  the  surface  that  it  is  readily 
available  for  irrigation  and  other  uses.  In  the  Mississippi  bottoms, 
and  sometimes  toward  the  coast,  the  water  in  these  beds  is  generally 
so  charged  with  various  soluble  salts  that  it  is  of  little  value.  Under 
the  main  river  valleys  in  northern  Louisiana  and  southern  Arkansas 
there  are  thick  deposits  of  sand  and  gravel  partially  filling  the  old  val- 
leys. In  this,  limited  supplies  can  be  obtained  from  driven  wells  of 
no  great  depth,  but  when  large  supplies  are  needed  wells  should  be 
pushed  to  the  main  gravel  bed,  which  overlies  the  older  Cretaceous  and 
Tertiary  strata.  This  can  be  reached  at  depths  ranging  from  75  to  150 
feet. 

MINERAIi  SPRINGS. 

Although  there  are  many  smatl  springs  scattered  throughout  Lou- 
isiana, only  three  reported  sales  for  1902.     These  were  as  follows: 

Abita  Springs,  Abita  Springs,  St.  Tammany  Parish. 
Mandeville  Springs,  St.  Tammany  Parish. 
Ozone  Springs,  Peari  River,  St.  Tammany  Parish. 

The  total  output  was  499,261  gallons,  with  a  value  of  $43,502.* 

a  Name  proposed  from  typical  development  of  formation  in  Catahoula  Parish,  La.,  used  for  the 
lower  or  typical  Grand  Oulf  of  Hilgard  as  exposed  at  Grand  Gulf,  Miss.  This  formation  Includes  the 
sandstone-bearing  clays  between  the  Vicksburg  and  Fleming  Oligocene. 

6  A.  C.  Peale,  U.  6.  Geol.  Survey,  Mineral  Waters,  1902. 
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By  A.  H.  Purdue. 


BESCKIPTION  OF  THK  REGION. 

That  part  of  Arkansas  lying  north  of  Arkansas  River  comprises 
a  little  more  than  half  of  the  area  of  the  State,  or  about  28,700 
square  miles.  Topographically  it  is  divided  into  two  well-defined 
areas — the  eastern  or  lowland  area  and  the  western  or  highland  area. 
The  average  elevation  of  the  lowland  area  will  probably  not  exceed 
225  feet  above  sea  level.  The  even,  monotonous  character  of  the  sur- 
face is  disturbed  only  by  Crowleys  Ridge,  which  extends  northwanl 
from  Mississippi  River  at  Helena  to  St.  Francis  River  at  St.  Francis, 
and  into  Missouri.  This  ridge  is  from  1  to  14  miles  wide,  and  in  its 
highest  part  is  about  400  feet  above  sea  level,  or  180  feet  above  the 
adjacent  lowlands. 

The  highlands  are  a  part  of  the  Ozark  region  and  vary  in  altitude 
from  less  than  500  to  2,250  feet  above  sea  level.  The}'  are  divided  into 
two  parts,  a  northern  and  a  southern,  each  of  which  is  a  plateau,  much 
dissected  by  streams.  The  southern  of  these  is  the  higher,  and  is 
known  as  the  Boston  Mountains.  These  mountains  are  highest  in  the 
western  part  of  the  State  and  gradually  fall  eastward,  the  elevation 
south  of  Batesville  being  800  feet  (aneroid).  The  Boston  Mountains 
are  separated  from  the  lower  plateau  to  the  north  by  a  more  or  lass 
bold  and  irregular  escarpment,  the  height  of  which  varies  from  500  to 
1,000  feet.'  Figs.  28  and  29  supplement  this  description  and  aid  in 
giving  a  general  idea  of  the  topography  of  the  region. 

RESOURCES. 

Resmtrces  of  the  highlands, — The  main  resources  of  the  highlands  are 
its  soil,  timber,  mineral  deposits,  and  water  supplies.  While  the  really 
rich  soil  of  this  part  of  the  State  is  confined  mainly  to  the  narrow  AockI 
plains  of  the  valleys,  much  of  the  remainder  yields  fair  returns,  and 
practically  all  of  it  is  well  adapted  to  horticulture.  All  fruits  suited 
to  this  latitude  flourish.  The  high  altitude,  to  which  the  healthful, 
genial  climate  is  largely  attributable,  and  the  universal  abundance  of 
pure  water  have  combined  to  make  it  a  favorable  place  for  settlement 
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since  the  early  days  of  exploration.  The  rough  topography  has  until 
recently  prevented  the  extensive  construction  of  railroadij.  At  the 
present  time,  however,  two  important  lines  are  being  built  and  are  tn 
actual  operation  over  a  considerable  part  of  their  routes.  The  region 
contains  large  areas  of  practically  undisturbed  timber,  fine  in  quality. 
In  the  northern  part  is  a  large  area  containing  deposits  of  zinc  ores. 
A  thin  vein  of  coal  covers  a  portion  of  the  central  part  of  the  region, 
and  alon^  the  Arkansas  Valley  is  an  abundance  of  coal,  which  in  bein^r 
worked  at  many  points.  Among  other  mineral  deposits  are  phos- 
phate, manganese,  building  stones,  and  clays  in  great  varieties. 


FlQ.  28.— Relief  msp  of  Arkaiina. 

Resources  of  ths  lo^i^l-ande. — The  wealth  of  the  lowland  region  is  in 
ite  soil,  timber,  and  waters.  Much  of  the  soil  is  of  unusual  fertility. 
While  a  great  deal  of  the  tinil>er  has  been  removed  "in  recent  years,  a 
lai^  amount  still  remains.  As  a  rule,  the  population  is  densest  along^ 
the  river  valleys,  where  the  soil  is  richest,  and  where  transportation 
was  most  easily  secured  in  the  early  settlement  of  the  8tat«.  Along 
Orowleys  Ridge  the  principal  towns  are  Helena,  Marianna,  Forrest 
City,  Harrisbui^,  Jonesboro,  and  Paragould.  The  narrow  strip  of 
land  along  Arkansas  River  extending  beyond  the  western  border  of 
the  State  is  covered  with  flood-plain  deposits,  and  should  lie  considered 
a  part  of  the  lowlands. 
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Geoloijy  of  the  plateau  region. — ^The  rocks  of  the  plateau  region  are 
of  Paleozoic  a^e,  and  include  the  Ordovician,  Silurian,  Devonian,  and 
Carboniferous.  Ordovician  rock.s  are  ex- 
posed over  a  large  area  in  the  northeastern 
part  of  the  division  and  farther  west  in 
Carroll  County.  They  also  occur  along 
many  of  the  stream  valleys  outside  these 
areas.  The  rocks  are  of  great  thickness, 
and  consist  mainly  of  magnesian  limestone, 
though  there  are  a  few  beds  of  sandstone 
and  shale. 

The  Silurian  and  Devonian  rocks  are 
exposed  along  the  steep  hillsides  border- 
ing the  valleys.  The  Silurian  consists  of  a 
limestone  known  as  the  St.  Clair  lime- 
stone,'* and  the  Devonian  of  sandstone  and 
shale  known,  respectively,  as  the  Sylamore 
sandstone  and  the  Eureka  shale. 

The  Mississippian  ("  Lower  Carbonifer- 
ous") covers  most  of  the  northern  division 
of  the  plateau  area  not  occupied  by  the 
Ordovician,  and  consists  of  the  Moorefield 
shale,  the  Boone  chert,  the  Batesville 
sandstone,  the  Fa3^etteville  shale,  the 
Archimedes  limestone,  and  probably  some  g  S 
sandstone  and  shale  above  the  last-named  p-  » 
formation.  The  southern  part  of  the  high- 
land area  is  occupied  mainly  by  rocks  of 
Pennsylvanian  (''  Upper  Carboniferous") 
age,  consisting  of  some  limestone  and  a 
heavy  deposit  of  sandstone  and  shale. 
The  rocks  are  practically  horizontal  over 
the  northern  division  of  the  plateau 
region,  but  from  the  Boston  Mountains 
sou  til  ward  thev  fall  otf  bv  monoclines  ^  ^ 
and  faults  to  the  Arkansas  River  Valley. 
The  structure  of  the  southern  part  is  not 
sufficiently  well  known  to  be  shown  in  the 
section. 

Geology  of   the   lowlmuh. — With    the   ^  2.    [  white  Rivar 
exception  of  a  sheet  of  alluvium  over  a 

large  part  of  the   lowland   area  the   surface   rocks  of   that  region 
are  of  Tertiary  age.     They  consist  almost  entirely  of  unindurated  sand 
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and  rlay,  the  sand  greatly  predominating.  The  thickness  of  this 
.surface  deposit  increases  rapidly  from  the  highland  border  oajitward. 
At  Newport,  according  to  the  record  of  a  deep  well  near  that  city,  on 
a  farai  owned  by  Mr.  W.  B.  Chastain,  it  is  655  feet,  that  being  the 
distance  })elow  the  surface  at  which  the  Paleozoic  rock  was  encountered. 
East  of  this  point  the  thickness  is  not  known. 

WATER  RESOURCES. 

There  are  two  natural  divisions  of  the  area  under  consideration  which 
can  )>e  made  on  the  basis  of  their  water  supplies — the  Paleozoic  and 
the  Tertiary. 

PALEOZOIC    REGION. 

The  horizontal  position  and  diversified  character  of  the  rock  over 
the  northern  part  of  this  region  make  the  hydrologic  areas  conform 
to  the  areas  over  which  water-bearing  rocks  are  exposed  or  to  their 
lines  of  outcrop.  A  detailed  geologic  map  of  the  region  would  at  the 
same  time  l)e  a  hydrologic  map.  Some  of  the  water-bearing  strata 
are  exposed  over  large  areas,  others  outcrop  in  practically  horizontal 
planes  along  the  hillsides.  As  it  is  not  possible  to  present  herewith 
a  d(»tailed  geologic  map,  the  hydrology  of  the  Paleozoic  region  will 
he  discussed  under  the  following  heads,  which  are  somewhat  arbitra- 
rily^ chosen:  The  Ordovician  area,  the  Boone  chert  area,  and  the  Bos- 
ton Mountain  area. 

THE   ORDOVICIAN  AREA. 

This  occupies  that  part  of  the  region  under  consideration  over  which 
the  Ordovician  rocks  are  exposed  at  the  surface.  As  previously  stated, 
these  rocks  consist  mainly  of  magnesium  limestone.  From  these 
rocks,  where  they  are  cut  into  by  streams,  emerge  numerous  strong 
springs.  Among  these  is  Mammoth  Springs,  in  Fulton  County,  which 
is  said  to  discharge  9,000  barrels  of  water  per  minute."  As  would  be 
expected,  the  water  of  this  region  is  hard,  owing  to  the  presence  of 
the  salts  of  calcium  and  magnesium  in  solution.  The  rocks  are  com- 
pact, and  as  a  result  the  water  can  move  only  through  joints  and  other 
ti&sures.  For  this  reason  the  wells  secure  water  only  in  case  they  strike 
a  fissure.  Some  wells  furnish  an  abundance  of  water,  others,  failing 
to  strike  fissures,  are  dry.  The  unceilainty  of  finding  water  in  wells 
and  the  hard  nature  of  the  water  have  caused  frequent  resort  to 
cisterns. 

The  most  common  method  of  sinking  wells  is  b}'  blasting  out  the 
rocks,  but  drilling  is  sometimes  resorted  to.     So  far  as  the  chances  of 
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striking  a  fissure  are  increased  by  an  increase  of  the  well  diameter, 
blasting  is  the  most  promising  method.  On  the  other  hand,  the  chances 
for  striking  a  fissure  are  greater  in  a  deep  well  than  in  a  shallow  one, 
and  as  the  cost  of  drilling  a  deep  well  is  less  than  that  of  blasting,  the 
former  method  is  advisable  in  most  cases.  Especially  is  this  true  when 
the  sanitary  advantage  of  a  well-cased  drilled  well  over  an  open  one  is 
taken  into  consideration. 

THE  BOONE  CHERT  AREA. 

The  charactei, thickness,  and  wide  outcrop  of  the  Boone  chert  make 
it  the  most  important  water  horizon  in  northern  Arkansas.  It  is 
composed  of  limestone  and  numerous  lenses  of  much-fractured  chert. 
Beneath  the  Boone  chert  is  a  limestone  from  25  to  60  feet  thick,  known 
as  the  St.  Joe  marble,  but  for  hydrologic  purposes  the  two  may  be 
considered  together.  Where  not  removed  by  denudation  the  Boone 
chert  usually  exceeds  300  feet  in  thickness.  It  is  exposed  over  an  area 
of  about  3,600  square  miles.  Solution  has  removed  the  limestone  from 
f  the  upper  part  of  the  formation,  but  the  chert,  being  insoluble,  is  left 
as  a  residue  on  the  surface,  in  man}'  places  several  inches  thick.  In 
such  places  this  chert  debris  largely  reduces  the  run-off  from  the  I'ain- 
fall,  and  by  so  much  adds  to  the  amount  of  water  that  entere  the 
ground.  The  water  descends  through  the  joints  in  the  limestone  and 
is  transmitted  horizontally  through  the  fractures  in  the  chert  lenses. 
Beneath  the  St  Joe  marble  over  a  considerable  portion  of  the  area  is 
I  the  Eureka  shale,  which,  being  impervious,  holds  the  water  in  the 

overlying  limestone  and  chert.  Along  lines  where  streams  have  cut 
their  valleys  down  to  or  beyond  this  bed  of  shale,  springs  with  a  copious 
flow  of  the  best  water  are  very  numerous.  Most  of  the  famous  springs 
at  Eureka  Springs  emerge  from  this  horizon. 

In  the  western  part  of  the  State,  over  the  Boone  chert  area,  the 
divides  between  the  streams  are  often  flat,  and  in  such  cases  water  is 
easily  secured  by  sinking  wells  a  few  feet,  but  in  the  eastern  part, 
where  the  streams  have  cut  far  down  into  the  Ordovician  rocks  and 
have  left  the  Boone  chert  on  the  high  divides  between  them,  water  is 
frequently  below  the  level  to  which  wells  can  be  sunk  by  digging 
and  blasting,  the  method  usually  employed.  On  account  of  the  con- 
siderable depth  of  the  water  beneath  these  high  divides  the  drill 
should  be  emploj^ed.  B}'  this  method  water  could  be  obtained  in  most 
cases. 

The  water  from  the  Boone  chert,  while  hard,  contains  a  smaller 
amount  of  matter  in  solution  than  might  be  expected,  owing  to  the 
fact  that  so  much  of  the  formation  is  siliceous,  and  consequently 
insoluble. 
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THE  BOSTON  MOtTNTAIN   AREA. 

There  are  aeveral  water-bearing  horizons  in  what  is  here  designated 
as  the  Boston  Mountain  area.  Named  in  their  order,  beginning  with 
the  loweat,  the  most  important  are:   The  ^^  .  ind.  T.r.  ii-.. 

Biiteaville  sandstone,  the  Archimedes  lime- 
slone,  and  the  Pentremital  limestone. 

Iiate»inlle  sand»itone. — The  BatesviHc 
sandstone  is  usually  brown,  and  coiisirits  of 
medium-sized  grains.  It  is  commonly  in 
layers  from  2  inches  to  1  foot  thick,  but  in 
Monie  places  the  beds  are  more  massive.  In 
tht'  eastern  part  of  the  Paleozoic  area  it  ex- 
ceeds 100  feet  in  thickness,  but  gradually 
thins  out  in  the  western  part  of  the  State, 
where  in  places  it  is  altogether  wanting.  In 
the  eastern  part  of  the  region  it  lies  upon  the 
Mooretield  shale,  but  in  the  western  part  of 
the  State  this  shale  is  altsent,  and  the  Bates- 
ville  rests  directly  upon  the  Boone  chert. 
Where  near  the  surface  and  of  considerable 
thickness,  it  forms  an  important  water  hori- 
zon, as  aboutGreen  Forest,  Carroll  County, 
and  at  Bntesville,  Independence  County.   In 

IkjUi  of  these  localities  it  furnishes  excellent 
well  water.     At  Batesville  it  was  the  chief 

source  of  water  until  waterworks  were  in- 
stalled.    As  would  be  expected,  the  water 

from  this  horizon  is  soft. 

Archimedes  Ume»t(me.—'V\\^  Archimedes 

limestoneisaperaistent  formation,  outcrop- 
ping in  an  east-west  direction  across  the 

Paleozoic  area  of  the  Stat«,  near  the  north 

Imse  of  the  Boston  Mountains.      (See  tig. 

29.)     In  the  eastern  part  of  the  region  its 

thickness  is  100  feet,  but  in  the  central  and 

western  parts  it  seldom  exceeds  one-fifth 

this  amount.     It  is  a  compact  limestone, 

composed   largely  of   fossil    remains.    In 

places  it  contains  lenses  of  chert,  though 

the.se  are  not  <-ommon.     In  the  eastern  and 

central  parts  of  the  area  it  rests  upon  tli<' 

Fayetteville  shale,  a  thick  and  impervious 

formation.    In  the  western  part  of  the  State 

it  is  separated  from  the  Fayotteville  shale  by 

the  WediugtoD  sandstone,  which  al^-o  contains  .some  shale. 
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The  maysive  nature  of  this  limestone,  which  usually  rests  upon  a  1k^ 
of  shale,  causes  it  to  form  a  conspicuous  escarpment,  from  the  base  of 
which  stronji^  springs  issue  at  frequent  intervals.  Below  the  escarp- 
ment, and  upon  the  Fayetteville  shale,  is  a  bench  from  100  yards  to  a 
quarter  of  a  mile  in  Avidth  and  of  great  fertility. 

Pent  rem  Jtal  IhneHtone, — AI>ove  the  Archimedes  limestone  (see  fig.  29), 
and  separated  from  it  by  a  greater  or  less  thickness  of  the  '^  Washing- 
ton" sandstone  and  shale,  is  the  Pentrcmital  limestone,  which  is  also 
an  important  spring  horizon,  and  which,  like  the  one  below  it,  is  nearly 
everywhere  productive  along  the  north  slope  of  the  Boston  Mountains. 
The  water  from  both  the  last-named  horizons  is  hard.  Like  most 
limestones,  their  texture  is  so  compact  that  search  for  water  in  welLs 
is  not  advisable. 

The  rocks  at  the  tops  of  the  Boston  Mountains  and  of  their  outliers 
to  the  north  are  sandstone  and  shale.  The  sandstone  varies  in  texture 
from  medium-grained,  to  coarse  millstone  grit.  The  porosity  of  the 
sjindstone  permits  it  to  absorb  a  great  deal  of  the  rainfall,  which  i> 
kept  from  sinking  as  underground  water  by  the  underlying  inijier- 
vious  shale.  As  a  consequence,  the  sandstones  beconie  important 
water- l)earing  strata,  especialh"  over  the  high,  flat-topped  tjible-lands 
between  the  heads  of  the  mountain  mvines.  On  these  table-lands, 
water  is  easily  secured  from  open  wells.  Springs  frequently  occur  on 
the  hill  slopes,  though  they  are  neither  so  strong  nor  so  numerous  as 
along  the  Archimedes  and  Pentrcmital  limestone  horizons.  Such 
springs  are  found  over  the  large  area  covered  by  the  Boston  Mountains. 

ARTESIAN    CONDITIONS  IN   THE   PAIiEOZOIC  AREA. 

In  the  lower  plateau  area  the  horizontal  position  of  the  strata  pre 
eludes  the  possibility  of  obtiiining  flowing  wells,  unless  it  be  in  local 
and  limited  areas,  but  near  the  north  l)ase  of  the  Boston  Mountains, 
in  places  where  the  rocks  dip  to  the  south,  there  may  be  small  areas 
where  flowing  wells  could  be  secured,  the  Boone  chert  being  the  source 
of  the  vvat<}r. 

An  inspection  of  fig.  29  will  at  once  suggest  the  possibility  of  secur- 
ing artesian  w^ater  along  the  Arkansas  Valley.  The  Boone  chert,  which 
is  widely  distributed  over  the  northern  part  of  the  State,  and  forms  an 
excellent  collecting  area  and  through  which  the  underground  water  is 
readily  transmitted,  dips  south  with  the  rocks  of  the  I^ston  Moun- 
tains. Though  the  southward  extent  of  this  formation  is  not  known, 
its  thickness  of  more  than  300  feet  north  of  the  Boston  Mountains  is 
good  reason  for  supposing  that  it  reaches  lieyond  the  Arkansas  Valley. 
Over  the  colhn^ting  area  its  height  is  from  500  to  1,000  feet  alcove  the 
land  along  Arkansas  River.  Over  it  lie  the  heavy  deposits  of  Moore- 
field  shale  and  Fayetteville  shale.  All  the  conditions  are  favorable  to 
this  formation,  being  the  source  of  an  abundance  of  artesian  water  in 


>^Ri>rK.]  NORTHERN    ARKANSAS.  195 

the  Arkansas  Valley,  provided  there  are  not  many  fault.s  with  an  east- 
west  strike  hetween  the  Arkansas  Valley  and  the  catchment  area. 
But  it  is  known  that  faulting  of  the  nature  mentioned  occurs  here,  and 
it  is  not  improhable  that  it  is  sufficient  to  entirel}^  cut  off  the  southern 
flow  of  the  water,  thus  destroying  what  would  otherwise  he  excellent 
artesian  conditions. 

TERTIARY  REGION. 

The  underground  water  of  the  lowland  or  Tertiary  area  has  its  source 
largely,  probably  mainly,  in  the  rainfall  of  the  region.  The  level  sur- 
face holds  the  run-off  in  check,  and^  sandy  deposits  take  up  a  large 
amount  of  I'ain  water,  which  is  readily  transmitted  to  all  parts  of  its 
mass.  Another  sourer  of  water,  unquestionably  of  great  importance, 
is  found  in  the  streams  which  flow  from  the  plateau  region  over  the 
lowlands.  When  these  streams  are  at  low-water  stage,  the  under- 
ground water  moves  slowly  toward  them  from  either  direction.  But 
when  they  are  at  flood  stage,  there  is  a  large  amount  of  leakage  through 
the  banks  and  into  the  loose,  sandy  material,  for  considerable  distances 
in  either  direction  away  from  the  streams.  The  amount  of  under- 
ground water  thus  supplied  to  the  lowlands  from  the  Arkansas  River, 
Little  Red  River,  White  River,  Black  River,  and  their  tributaries,  is 
problematical,  but  considerable.  Another  source  of  the  underground 
w^ater  of  this  region  is  in  the  truncated  edges  of  the  Paleozoic  rocks, 
l>eneath  the  younger  deposits. 

Owing  to  the  low  altitude,  the  uniformly  level  surface,  and  unindu- 
rated  condition  of  the  se<liments,  mainly  sand,  over  the  Tertiary  area, 
an  abundance  of  water  can  be  secured  almost  anywhere  by  the  expend- 
iture of  the  small  sum  necessary  to  purchase  from  10  to  40  feet  of  iron 
pipe,  a  point,  a  pump,  and  the  few  hours  labor  necessary  to  drive  a 
well.  The  pump  is  usually  of  the  kind  known  as  the  "pitcher  pump," 
and  the  pipe  is  usually  one  and  a  quarter  inches  in  diameter,  sometimes 
common  iron,  sometimes  galvanized.  Because  of  the  interlocking  beds 
of  sand  and  clay  that  in  many  places  constitute  the  sediments  near  the 
surface,  the  depth  at  which  water  can  be  secured  is  uncertain,  but  it  is 
seldom  more  than  40  feet.  The  water  is  most  commonly  raised  by 
hand,  though  windmills  are  sometimes  employed. 

Formerly  dug  wells  were  the  only  source  of  water,  and  some  of 
these  are  still  in  use,  but  they  are  rapidly  being  succeeded  by  driven 
wells.  Bored  wells  are  common  in  some  localities.  In  a  few  instances 
these  bored  wells  are  cased  with  tile,  carefully  cemented  at  the  joints 
to  keep  out  the  surface  water,  but  wood  is  commonly'  employed  for 
casing,  a  custom  to  be  deprecated,  as  the  decaying  wood  not  only 
renders  the  water  insanitary  but  permits  the  surface  water  to  enter 
the  well.  Water  for  cities  and  ice  plants  is  secured  from  Ixjred  wells 
100  feet  or  more  in  depth. 
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The  amount  of  water  that  can  be  supplied  by  almost  any  well  is 
limited  only  by  the  capacity  of  the  pipe.  In  cases  where  a  large 
amount  is  needed,  as  for  boilers  of  large  capacity,  either  a  pipe  of 
sufficient  diameter  is  used  or  the  number  of  wells  is  increased  till  the 
desired  amount  of  water  is  secured.  As  a  rule,  the  water  is  fairly 
well  suited  for  boiler  use,  but  in  some  cases  it  forms  a  troublesome 
scale,  produced  by  the  combined  deposit  of  the  mineral  matter  in 
solution  and  the  fine  material  in  suspension. 

The  character  of  the  water  varies  greatly  both  with  depth  and  hori- 
zontal distance.  As  regards  the  depth  to  which  wells  should  Ik» 
extended,  no  rule  can  be  laid  down  except  the  general  one  that  the 
deeper  the  well  the  better  the  water.  This,  however,  is  not  b3^  au3? 
means  always  true,  for  shallow  wells  often  furnish  better  water  than 
near-by  deeper  ones,  as  where  the  shallow  wells  are  wholly  in  a  .sur- 
ficial  deposit  of  sand,  while  the  deeper  ones  pass  into  mud,  which 
contains  a  great  deal  of  organic  matter  and  salts  of  iron  in  solution. 
Frequently  two  wells  of  the  same  depth  and  only  a  few  rods  apart 
furnish  water  of  an  entirely  different  character.  That  of  one  may  he 
of  good  quality,  while  that  of  the  other  is  wholly  impotable.  This  is 
because  near  the  surface  there  are  horizontal  variations  in  the  charac- 
ter of  the  material,  there  being  frequently  intercalated  deposits  of 
mud  containing  a  great  deal  of  organic  matter. 

ARTESIAN  CONDITIONS  IN   THE   TERTIARY  AREA. 

The  very  small  difference  in  altitude  between  the  highest  and  lowest 
parts  of  this  area  would  seem  to  preclude  the  possibility  of  securing 
artesian  water  in  the  Tertiary  area,  even  though  all  the  other  condi- 
tions were  favorable.  In  this  area  a  well  would  probably  have  to 
pass  through  the  Tertiary  and  into  the  Paleozoic  rocks  below.  While 
the  securing  of  artesian  water  from  the  Paleozoic  horizon  appears  to  bo 
possible,  the  chances  are  against  success.  The  southward  dip  of  the 
Paleozoic  rocks  would  bring  these  beds,  if  continuous,  under  the  Ter- 
tiary deposits,  in  which  case  the  chances  of  securing  artesian  water 
from  them  would  be  excellent.  But  those  beds  are  truncated  along 
the  Tertiary-Paleozoic  border  to  considerable  depths  (see  fig.  30),  per- 
mitting the  water  to  leak  into  the  younger  rocks.  Besides,  the  east- 
west  faulting  of  the  Paleozoic  rocks,  probably  cutting  off  the  southward 
Qow  of  the  water,  would  be  effective  over  the  lowlands. 

MINERAL  SPRINGS. 

The  large  springs  of  the  limestone  districts  of  the  Paleozoic  area 
have  already  been  mentioned.  Besides  these  there  are  a  multitude  of 
smaller  springs,  many  of  which  yield  minei'al  water  of  value  for  me- 
dicinal or  domestic  purposes.     A  considerable  number  of  them  have 
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been  developed  as  resorts,  some  of  which  are  among  the  moat  impor- 
tant in  the  country.  Sanitariums  using  spring  water  are  common. 
The  waters  are  generally  used  at  the  spring,  but  in  1902  seven  springs 
reported  sales  amounting  to  149,100  gallons,  with  a  value  of  ^2,575. 
The  springs  reporting  are  as  follows:^ 

Allen's  Alterative  Magnesia  Spring,  Hot  Springs,  Garland  County. 

Arkansas  Lithia  Springs,  near  Hope,  Hempstead  County. 

Arsenic  Spring,  Hot  Springs,  Garland  County. 

Blanco  Springs,  near  Hot  Springs,  Garland  County. 

Eureka  Springs,  Eureka  Springs,  Carroll  County. 

Potash  Sulphur  Spring,  near  Hot  Springs,  Garland  C^ounty. 

Bavenden  Springs,  Ravenden  Springs,  Randolj)h  County. 

PBINCIPAIi   PUBIjICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  118^122. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  p.  12. 
Arkansas  [well  and  spring  records],  by  A.  H.  Purdue:  Water-Supply  and  Irrig. 

Paper  U.  S.  Geol.  Survey  No.  102,  pp.  374-388. 
Summary  of  the  water  supply  of  the  Ozark  region  in  northern  Arkansas,  by  G.  I. 

Adams:  Water-Supply  and  Irrig.  Pai>er  U.  S.  Geol.  Survey  No.  110,  pp.  179-182. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 


TENNESSEE  AND  KENTUCKY. 


By  L.  C.  Glenn. 


Topography, — In  crossing  Tennessee  from  east  to  west  the  following 
topographic  divisions  nia}^  be  recognized:  (1)  The  Valley  of  East 
Tennessee,  (2)  the  Cumberland  Plateau,  (J^)  the  Highland  liimor  Plain 
within  which  the  Nashville  basin  has  been  eroded,  (4)  the  We.steni 
Valley  of  Tennessee  River,  (5)  the  Gulf  Coastal  Plain,  and  (0)  the 
Mississippi  Alluvial  Plain  or  Bottoms. 

RainfalL — The  rainfall  is  between  50  and  60  inches  annually.  In 
autumn,  the  driest  season,  it  is  2  or  3  inches  less  than  the  average, 
and  in  winter,  the  wettest  season,  it  is  2  or  3  inches  more  than  the 
average;  in  spring  it  is  slightly  more  and  in  summer  slightly  les?^ 
than  the  avei'age. 

VALLEY  OF  EAST  TENNESSEE. 

Descr!]}tlon. — The  so-ciilled  Valley  of  East  Tennessee  is  that  part 
of  the  great  Appalachian  Valley  that  extends  southwestward  aci*os.s 
the  eastern  end  of  the  State  from  the  Virginia  to  the  Georgia  line. 
Its  width  varies  from  45  to  60  miles.  It  is  limited  on  the  southeast 
by  the  Great  Smok}^  Mountains  along  the  North  Carolina  line,  and  on 
the  northwest  by  the  eastern  scarp  of  the  Cumberland  Plateau.  The 
floor  of  this  valley  has  an  elevation  of  900  feet  at  Chattanooga  and  of 
2,000  feet  along  the  Virginia  line.  Many  long,  narrow,  parallel 
ridges  trending  northeast-southwest  in  the  same  direction  as  the  val- 
ley itself  rise  above  its  floor.  They  are  separated  by  long,  narrow, 
minor  valleys.  The  ridges  are  foi-med  by  the  hard,  upturned,  folded 
and  faulted  Cambrian,  Silurian,  and  Devonian  rocks,  while  the  inter- 
vening valleys  have  been  eroded  in  the  limestone  or  soft  shale. 

Water  resources. — Along  the  eastern  side  of  the  valley  the  Great 
Smoky  Range,  which  reaches  an  extreme  height  of  over  6,500  feet,  is 
carved  along  with  its  projecting  spurs  either  from  metamorphosed 
sediments  of  probably  Cambrian  age  or  from  more  ancient  igneous 
rocks  of  various  kinds.  Among  these  spurs  many  bold  freestone 
springs  are  found,  and  every  ravine  has  its  streamlet  of  pure,  clear, 
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and  unfailing  water.  The  region  is  rough  and  sparsely  settled,  and 
the  springs  furnish  an  abundant  and  satisfactory  water  supply. 

In  the  valley  proj>er  the  streams  are  usually  broad,  shallow,  and 
rapid.  Their  waters  are  generally  pure  and  clear,  except  after  heavy 
rains.  Innumerable  springs  are  found  throughout  the  valley.  Because 
of  the  great  variety  in  the  rocks  of  the  region  the  water  of  the  springs 
varies  greatly  in  character.  From  the  limestones  and  dolomites  largo 
and  bold  springs  of  clear,  hard  but  wholesome,  water  issue  constituting 
the  most  common  supply  for  household  purposes.  The  waU^rs  often 
contain  magnesian  salts  where  the  springs  issue  from  the  Knox  dolo- 
mite. In  general  it  may  be  said  that  their  chief  mineral  contents  ai*e 
calcium,  magnesium,  and  sodium  carbonates,  sulphates  and  chlorides, 
with  occasionally  iron  sulphate  and  carbonate  or  aluminum  sulphate 
or  alum.  Many  sulphur,  iron,  and  alum  springs  are  found  in  th«» 
Devonian  black  shale.  Sulphur  waters  are  also  found  in  the  lime- 
stones and  dolomites.  Chalvl>eate  waters  occur  in  the  sandstones  and 
conglomerates,  though  freestone  watei's  arc  more  common.  In  several 
counties  Epsom  springs  are  known.  * 

Some  of  these  valley  springs  have  earned  a  wide  reputation  for  their 
medicinal  qualities,  and  annually  attract  many  visitors  in  search  of 
health,  recreation,  or  rest.     A  few  ship  their  waters. 

In  some  cases  these  natural  supplies  are  supplemented  by  cisterns, 
though  the  abundance  of  springs  and  their  unfailing  flow,  no  doubt 
largely  due  to  the  faulting  of  the  rocks,  render  the  use  of  cisterns  less 
necessary  than  in  many  limestone  regions.  In  those  towns  which  are 
without  a  system  of  waterworks  the  use  of  cisterns  is  mort^  prevalent, 
as  they  furnish  the  only  safe  water  supply  under  such  conditions.  In 
the  larger  cities  water  supplies  are  obtained  from  near  by  rivers  or 
other  smaller  streams.  Although  the  valley  is  well  settled  the  popu- 
lation is  largely  agricultural  and  scattered,  and  stream  supplies  may 
be  regarded  as  safe  except  where  contaminated  by  tan  bark,  wood 
pulp,  or  other  similar  industries. 

CUMBERLAND    PLATEAU. 

Description. — ^The  Cumberland  Plateau  crosses  Tennessee  in  a 
northeast-southwest  direction,  and  varies  in  width  from  about  35  miles 
near  the  Alabama  line  to  about  50  miles  near  the  Kentuckv  line.  Its 
elevation  is  1,500  feet  on  the  Alabama  line,  2,000  feet  in  the  center  of 
the  State,  and  3,600  feet  near  Cumberland  Gap.  The  plateau  surface^ 
stands  about  1,000  feet  above  the  adjacent  regions  on  either  side. 
The  eastern  edge  is  an  abrupt  scarp  that  is  straight  for  miles.  The 
western  edge  is  an  equally  abrupt  scarp,  but  is  notched  })y  the  head- 
waters of  streams  that  have  eaten  into  the  plateau  from  the  west. 
The  surface,  while  measurably  flat,  is  diversified  by  shallow  valleys  and 
low  ridges. 
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Water  resources. — ^The  rocks  of  the  plateau  are  of  Carboniferous  age. 
Much  of  the  surface  is  underlain  by  sandstone,  which  forms  an  open 
porous  soil  if  well  drained.  From  this  sandstone  issue  the  numerous 
freestone  springs  that  furnish  so  large  a  part  of  the  water  supply  of 
the  region.  During  summer  and  fall  droughts  sometimes  occur,  and 
many  springs  and  streams  decrease  in  volume  or  go  entirely  dry,  ffo 
that  water  for  household  use  and  for  stock  becomes  scarce  while  the 
small  mills  for  grinding  corn  remain  idle  until  rains  set  in.  Open 
wells  supplement  the  springs  in  many  instances. 

Supplies  of  water  may  be  obtained  by  drilling  a  few  hundred  feet 
into  the  thick  sandstone  beds  that  underlie  the  larger  part  of  the 
plateau.  Such  waters  will  not  usually  flow,  but  will  rise  within  easy 
pumping  distance  of  the  surface.  They  may  contain  more  or  less  iron 
from  the  sandstones  or  sulphur  from  the  interbedded  shales  and  coals. 
Wells  drilled  deeper  into  the  underlying  Mississippian  or  Silurian  lime- 
stones or  into  the  Devonian  black  shale  usually  obtain  salt  water, 
with  greater  or  less  amounts  of  natural  gas  or  petroleum. 

There  are  numerous  chalybeate  springs  on  the  plateau,  some  of 
which  are  of  local  repute  as  summer  resorts.  Although  none  have 
been  improved  to  an}^  extent,  the  clear,  cold,  freestone  waters,  com- 
bined with  the  elevation  and  delightful  summer  temperature,  bring 
many  visitors  from  the  lowlands  during  the  heated  season. 

Much  of  the  plateau  is  underlain  by  workable  coal  and  mines  arc 
being  opened  at  numerous  places,  each  of  which  becomes  the  nucleus 
for  the  development  of  a  mining  town.  With  its  growth  the  quality 
of  its  water  supply,  usually  taken  from  open  wells  and  springs,  will 
deteriorate. 

HIGHLAND  PLAIN. 

West  of  the  Cumberland  Plateau  lies  the  Highland  Plain,  which 
extends  westward  to  Tennessee  River.  The  width  of  this  plain  is 
about  175  miles  along  the  Kentucky  line  and  105  miles  along  the 
Alabama  line.  Its  average  elevation  is  approximately  1,000  feet. 
Viewed  broadly,  its  surface  is  level;  viewed  in  detail,  it  is  gently  undu- 
lating or  cut  by  small  streams  into  narrow  but  sometimes  steep-sided 
valleys.  In  a  few  places  the  larger  rivers,  including  the  Cumber- 
land, Duck,  and  Elk,  have  cut  steep- walled  valleys  300  or  400  feet  deep 
and  have  eroded  out  of  the  very  center  of  the  Highland  Plain  a  great 
oval  basin  120  miles  long  and  50  broad,  whose  comparatively  flat  bot- 
tom is  300  to  400  feet  below  the  encircling  plain.  This  basin  is  known 
as  the  Nashville  or  Central  basin  and  will  be  discussed  in  a  subse- 
quent paragraph. 

PLATEAU  REGION. 

Description. — The  siliceous  beds  of  the  Mississippian  form  the  sur- 
face of  the  Highland  Plain.    These  beds  consist  of  limestones,  siliceous 
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shales,  and  chert.  As  they  form  the  surface  of  this  plain  they  have 
l)cen  exposed  to  the  leaching  action  of  the  water  so  long  that  the 
calcareous  matter  has  been  removed  to  a  considerable  depth  and  the 
surface  is  a  disintegrated  mass  of  reddish  clay  and  porous  chert. 

Water  resources, — The  waters  of  the  Highland  Plain  are  mostly  of 
he  clear  freestone  type,  although  some  are  chalybeate  from  the  iron 
contained  in  the  chert.  Where  the  lime  has  not  yet  been  entirely 
leached  from  the  rocks  the  waters  may  be  hard.  Many  springs  are 
found  on  the  Highland,  although  in  numerous  areas  springs  are  weak 
or  wanting^  or  fail  during  dry  seasons.  Many  of  the  smaller  streams 
dry  up  also.  In  such  places  deep  drilling  generally  gives  a  water  con- 
taining objectionable  quantities  of  calcium  and  magnesium  carbonates 
and  sulphates,  hence  the  main  dependence  for  potable  water  in  such 
cases  must  be  cisterns,  of  which  many  are  in  use. 

Along  the  eastern  margin  of  the  Highland  Plain  at  the  foot  of  the 
escarpment  which  rises  to  the  Cumberland  Plateau  many  very  large 
springs  flow  from  the  outcrop  of  the  flat-lying  Mississippian  limestones 
underlying  the  sandstones  of  the  plateau.  These  limestones  receive  a 
considerable  part  of  the  drainage  which  emerges  along  the  edge  of  the 
Highland  Plain  in  streams,  many  of  which  are  large  enough  to  turn  a 
mill  where  they  issue  from  their  underground  channels. 

In  the  portion  of  the  Highland  area  adjacent  to  the  central  basin  are 
many  sulphur  springs,  while  on  the  steep  slopes  between  the  two  the 
springs  from  the  outcropping  black  Devonian  shale  contain  sulphur, 
iron,  and  in  some  cases  alum.  No  extensive  area  of  this  slope  is  made 
up  of  black  shale,  however,  as  it  varies  from  only  a  few  feet  to  20  or 
30  feet  in  thickness.  Some  of  the  sulphur  and  other  mineral  springs 
on  the  Highland  and  on  the  slope  into  the  basin  have  beeen  improved 
and  have  considerable  reputation  as  summer  resorts. 

NASHVILLE  BASIN. 

Description. — The  strata  of  the  central  portion  of  the  Highland  Plain 
have  been  arched  into  a  low  oblong  dome  which  Elk,  Duck,  and  Cum- 
berland rivers  have  eroded  until  they  have  cut  through  the  Missis- 
sippian and  Devonian  and  into  the  softer  limestones  and  shales  of 
the  Silurian.  These  have  been  in  turn  eroded,  resulting  in  the  under- 
mining of  the  overlying  rocks  of  the  Highland  Plain  and  the  final  for- 
mation of  a  basin  of  the  dimensions  already  given.  The  bottom  of  this 
basin  is  flat  or  gently  rolling.  It  slopes  somewhat  toward  the  Cum- 
berland and  other  main  streams  and  has  some  isolated  knobs  that  rise 
to  nearly  the  height  of  the  adjacent  flighland,  while  from  the  rim  spurs 
project  into  the  basin. 

Water  resources, — ^The  Silurian  limestones  that  form  the  floor  of  the 
Nashville  basin  dip  away  from  its  center  in  all  directions,  but  at  such 
iBR  114—05—14 
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a  low  angle  that  they  appear  nearly  flat.  Many  springs  are  found  in 
these  limestones,  some  of  them  being  very  large.  They  furnish  clear, 
cold,  hard  water  as  a  rule,  though  some  of  them  contain  sulphur. 
During  the  dry  seasons  many  of  the  weaker  springs  and  smaller 
streams  go  dry  and  difficulty  is  found  in  securing  water  supplies. 
Cisterns  are  extensively  used,  especiall}^  for  household  purpoj^es, 
while  ponds  are  dug  or  small  streams  dammed  to  secure  water  for 
stock.  This  region  is  the  most  fertile  and  most  thickly  populated  in 
the  State.  Some  cities,  such  as  Nashville,  get  their  water  supply 
from  rivers,  others  obtain  water  from  deep  wells  which  are  pumped, 
while  others  without  waterworks  depend  mainly  on  cisterns. 

No  persistent  horizon  of  potable  deep  waters  is  known  to  underlie 
the  basin  surface.  Water  may  be  obtained  almost  anywhere  by  drill- 
ing a  few  hundred  feet,  but  it  is  usually  strongly  impregnated  with 
sulphur  or  is  salty.  In  the  lowest  part  of  the  basin  the  deep  wells 
may  flow.  Several  of  the  deep  wells  in  Nashville  are  strongly  sul- 
phurous. Wells  in  other  parts  of  the  basin  sometimes  give  off  small 
quantities  of  natural  gas,  or  are  greatly  injured  by  a  slight  exudation 
of  petroleum.  Many  other  wells,  especially  if  not  deep,  furnish  good 
water. 

WESTERN  VALLEY  OF  TENNESSEE  RIVER. 

The  Highland  Plain  is  bounded  on  the  west  by  the  western  valle}'  of 
Tennessee  River,  a  north-south  valley  400  to  600  feet  deep  and  8  or  10 
miles  wide.  The  rocks  making  the  floor  and  most  of  the  walls  of  the 
valley  are  Silurian  limestones  and  shales,  though  Devonian,  Missis- 
sippian,  or  even  Cretaceous  and  Lafayette  may  in  places  fonn  part  of 
the  wall.  Iron  and  sulphur  springs  are  numerous  along  the  outer 
edges  of  the  valley  floor  and  in  several  places  wells  drilled  3'ears  ago 
for  salt  yield  an  abundant  flow  of  sulphur  water,  which  is  said  to  pos- 
sess valuable  medicinal  qualities. 

GULF   COASTAL    PLAIN. 

Descripfum. — The  Gulf  Coastal  Plain  extends  from  the  Tennessee 
Valley  westward  to  the  bluffs  overlooking  the  Mississippi  River  flood 
plain.  Its  width  along  the  Kentucky  line  is  about  65  miles;  along  the 
Mississippi  line  it  is  105  miles.  From  an  elevation  of  600  to  800  feet 
in  its  southeastern  portion  its  surface  slopes  west  and  northwest  to  an 
elevation  of  270  feet  at  Memphis,  and  from  300  to  400  feet  in  the  cen- 
tral and  northwestern  part  of  the  area  and  along  most  of  the  bluff 
north  of  Memphis.  The  rocks  of  the  region  are  unconsolidated  sands 
and  days  dipping  gently  westward,  their  lowest  members  outcrop- 
ping in  a  narrow  north-south  belt  just  west  of  Tenne.ssee  River.  The 
topography  of  the  sandy  formations  is  usually  rolling  to  hilly,  while 
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that  of  the  clays  and  loams  is  often  flat  when  remote  from  streams,  but 
hilly  when  near  them. 

Geology  and  trater  mij}jj/y. — The  oldest  rocks  of  this  region  ai'e  the 
Coffee  sands  of  Cretaceous  age.  They  outcrop  in  a  belt  that  has  an 
average  width  of  perhaps  4  miles  and  extends  northward  from  Missis- 
sippi halfway  across  the  State  along  the  eastern  edge  of  the  Coastal 
Plain  region.  They  overlap  the  Paleozoic  rocks  exposed  in  the  western 
valley  of  the  Tennessee.  The  best  exposure  is  at  Coffee  Landing,  on 
the  Tennessee,  where  they  consist  of  tine  micaceous  sands  and  thinly 
laminated  dark  clays  with  abundant  lignitic  material.  Their  base  is  not 
exposed  here,  but  slightly  over  20()  feet  were  seen.  The  total  thick- 
ness can  not  be  much  more  than  this.  Westward  they  dip  under  the 
Rotten  limestone,  which  is  also  of  Cretaceous  age.  This  latter  consists 
of  green  sand  and  fine-grained  joint  clay  of  a  leaden  color  and  often 
contains  an  abundance  of  fossil  shells.  It  forms  a  belt  8  or  10  miles 
wide  extending  northward  from  Mississippi;  also  halfway  across  the 
State.  Its  maximum  thickness,  350  feet,  is  found  along  the  Mississippi 
line,  but  it  thins  rapidly  northward.  The  water  obtained  from  springs 
and  wells  is  in  most  places  hard  and  disagreeable  in  taste  and  odor. 
Good  water  may  be  obtained,  however,  by  going  through  it  into  the 
Coffee  sand.  Many  such  wells  exist.  They  vary  in  depth  according 
to  location,  the  deepest  being  about  350  feet.  Water  rises  nearl}'  to 
the  surface  as  soon  as  the  Coffee  sand  is  reached  and  is  generally  of 
good  quality. 

Next  westward  is  a  belt  of  sands  and  clays,  which  where  they  enter 
from  Mississippi  are  12  to  15  miles  wide,  but  only  about  6  miles  wide 
where  they  pass  into  Kentucky.  They  are  known  as  the  Kipley  beds, 
are  of  Cretaceous  age,  and  dip  gently  westward.  Their  thickness  is 
perhaps  400  to  600  feet.  Their  surface  is  usually  hilly.  They  are 
water  bearers,  but  open  wells  may  go  80  to  100  feet  deep  for  water, 
though  in  lower  ground  40  to  60  feet  is  a  common  depth. 

Above  the  sands  and  clays  of  the  Ripley  beds,  the  latest  of  the  Cre- 
taceous foimations,  lies  the  Porters  Creek  (Flatwoods)  clay.  This  clay 
is  of  early  Ek>cene  age,  and  consists  of  light,  leaden-gray  clays,  with 
occasional  laminse  of  fine  micaceous  sand.  The  lower  part  contains 
beds  of  micaceous  sand,  -greensand,  and  some  thin  impure  limestones. 
The  formation  probably  has  an  average  thickness  of  more  than  200 
feet,  and  extends  from  Mississippi  northward  across  the  State  in  a 
belt  5  or  6  miles  wide.  The  water  derived  from  it  is  not  of  good  qual- 
ity. Better  water  may  be  had  by  going  through  it  and  into  the  under- 
lying Ripley  sands. 

The  ''Lignitic"  group  rests  on  the  Porters  Creek  formation  and  ex- 
tencis  westward  across  two-thirds  of  western  Tennessee  to  the  bluffs 
overlying  the  Mississippi.     It  is  composed  chiefly  of  sands,  in  which 
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occur,  especially  in  the  eastern  part  of  the  area  of  outcrop,  numerous 
lenses  of  plastic  clays.  In  the  western  part  of  its  area  the  upper  |wirt 
of  the  "  Lignitic  "  is  frequently  marked  by  a  bed  of  blue  or  dark  lignitic 
clay  about  160  feet  thick.  The  total  thickness  of  the  '^  Lignitic"  is  750 
feet  at  Memphis.  Its  sands  are  water  bearing  throughout,  but  as  they 
vary  much  and  rapidly  in  coarseness,  and  consequently  in  quantity  of 
water  they  can  furnish,  the  proper  depth  of  wells  sunk  into  them 
must  be  determined  by  trial.  Usuall}'  their  lower  part  is  the  coarser, 
and  the  quality  of  the  water  yielded  is  generally  suitable  for  any 
desired  purpose.  This  group  is  by  far  the  most  valuable  water-bearer 
in  western  Tennessee. 

The  Lafayette  is  spread  as  a  thin  blanket  over  all  the  preceding 
western  Tennessee  formations.  It  is  a  series  of  sands,  clays,  and 
gravels  that  are  prevailingly  red  or  orange  in  color  and  usually  hard- 
ened, while  in  some  places  the  sands  have  become  cemented  by  iron 
into  sandstones.  The  beds  probably  never  exceed  60  feet  in  thick- 
ness and  are  more  frequently  less  than  20  feet  thick.  Along  the  Ten- 
nessee and  Mississippi  River  bluffs  this  formation  consists  very  largely 
of  gravel,  while  away  from  the  neighborhood  of  these  streams  the 
gmvel  beds  are  thin  or  often  wanting.  When  underlain  by  clays 
water  is  usually  found  at  the  base  of  the  Lafayette.  Along  such  of 
the  stream  valleys  as  cut  through  it  numerous  springs  issue  from 
these  basal  beds,  while  shallow  wells  may  reach  it  anywhere.  The  water 
is  usually  good,  provided  the  well  is  stopped  in  the  Lafayette  sand,  but 
if  it  enters  the  top  of  an  underl3nng  clay  or  marl  bed  it  is  often  poor. 
Over  most  of  the  region,  however,  the  Lafayette  rests  on  the  *' Lig- 
nitic" sands,  and  its  base  is  then  only  locally  water  bearing,  one  well 
obtaining  water  while  another  only  a  few  yards  away  may  find  none. 

Loess  overlies  the  Lafayette  gravel  in  a  belt  12  to  26  miles  wide, 
extending  north  and  south  across  the  State.  The  thickness  gradually 
decreases  from  20  to  70  feet  in  the  bluffs  overlooking  Mississippi 
River  to  an  indefinite  feather  edge  to  the  east.  The  loess  is 
everywhere  calcareous  and  wells  sunk  in  it  yield  hard  water.  It 
naturally  forms  a  rich  soil  and  population  is  denser  in  this  belt  than 
elsewhere  in  western  Tennessee.  Many  people  in  the  loess  region  use 
cisterns,  which  are  easily  and  cheaply  constructed  in  the  loess.  Water 
of  better  quality  may  be  obtained  by  deeper  wells,  drawing  their  sup- 
plies from  the  underlying  sands  of  the  "Lignitic." 

Resting  on  the  loess,  and  at  times  separable  from  it  only  with  diffi- 
culty, or  lying  east  of  the  loess  belt  and  resting  on  the  Lafayette,  is  a 
veneer  of  loam,  clay,  or  sand  that  reaches  in  places  perhaps  10  feet  in 
thickness.  It  has  general U-  been  correlated  with  the  Columbia.  It  is 
not  of  importance  as  a  water-bearer. 
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MISSISSIPPI  ALLUVIAL  PLAIN. 

In  the  flood  plain  of  the  Mississippi  River  the  deposits  are  recent 
silts.  These  contain  water  at  slight  depths,  but  it  is  of  poor  quality. 
Its  level  rises  and  falls  with  the  varying  stages  of  the  river.  Good 
water  may  be  obtained  from  the  underlying  lignitic  by  deep  boring. 
Cisterns  are  also  used,  though  the  soft  alluvial  deposits  are  not  always 
solid  enough  to  prevent  the  walls  of  the  cisterns  from  cracking. 

COMMERCIAL  SPRINGS. 

The  following  springs  reported  sales  of  water  in  the  year  1902:** 

Eastbrook  Springs,  Eastbrook,  Franklin  Ooonty. 

Hinson  Springs,  Hinson  Springs,  Henderson  County. 

Horn  Mineral  Springs,  Horn  Springs,  Wilson  County. 

Idaho  Springs,  near  Clarksville,  Montgomery  County. 

Larkins  Spring,  Madison,  Davidson  County. 

Lockeland  Spring,  East  Nashville,  Davidson  County. 

Montvale  Spring,  Montvale,  Blount  County. 

Red  Boiling  Springs,  Red  Boiling  Springs,  Macon  County. 

Rhea  Springs,  Rhea  Springs,  Rhea  County. 

Tate  Epsom  Spring,  Tate  Spring,  Grainger  County. 

Whittle  Springs,  Whittle  Springs,  near  Knoxville,  Knox  County. 

Willow  Brook  Spring,  Craggie  Hope,  Cheatham  County. 

Wright's  Epsom  Lithia  Well,  Mooresburg,  Hawkins  County. 

The  aggregate  amount  sold  is  stated  as  247,429  gallons,  valued  at 
$36,315. 

PRINCIPAL  PUBLICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  97-106. 

Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  p.  49. 

Tennessee  [well  records  and  spring  records],  by  L.  C.  Glenn:  Water-Supply  and 
Irrig.  Paper  U.  S.  Geol.  Survey  No.  102,  pp.  358-367. 

KENTUCKY. 

Climatic  conditions  in  Kentucky  are  much  tne  same  as  in  Tennessee. 
The  topographic  belts  which  are  foimd  in  Tennessee  extend  northward 
into  Kentucky,  and  the  geologic  formations  of  the  two  States  are  very 
similar.  The  water  resources  of  Kentucky  accordingly  resemble  those 
of  Tennessee  in  corresponding  topographic  regions,  so  that  much 
already  said  concerning  the  hydrographic  characteristics  of  these  belts 
in  Tennessee  applies  equally  well  to  Kentucky. . 

aFeale.  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  S.  Ueol.  Survey,  1904.  p.  996. 
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CUMBERLAND  PLATEAU. 

The  most  eantern  topographic  division  of  Kentucky  is  the  northward 
continuation  of  the  Cumberland  Plateau  region  of  Tennessee-  In  Ken- 
tucky the  flatness  of  the  plateau  surface,  however,  has  disappeared, 
and  in  its  stead  the  region  is  deeply  dissected  by  streams,  so  that  the 
actual  surface  consists  of  a  maze  of  steep-sided  mountains  separated 
by  almost  equally  narrow,  steep-walled  valleys.  The  plateau  surface 
is  represented  onl^'^  by  the  uniform  altitude  of  the  mountain  crests. 
The  southeastern  edge  of  the  plateau  has  an  elevation  of  3,500  feet, 
and  is  sharply  defined  by  the  Cumberland  Mountain  scarp.  The  west- 
ern edge  of  the  plateau  has  an  elevation  of  1,500  feet  in  the  south,  and 
of  900  feet  along  Ohio  River.  In  Kentucky  the  plateau  is  not  sharp!}' 
defined  on  the  west,  but  falls  away  in  isolated  projecting  spurs  of 
irregular  but  not  great  height,  extending  out  toward  the  next  and 
lower  topographic  division,  the  Lexington  Plain. 

The  rocks  of  the  plateau  are  horizontal  Carljoniferous  sandstones 
and  shales.  Springs  abound,  and  while  in  dry  summers  many  of  them, 
and  even  the  smaller  streams,  dry  up,  there  is  genemlly  an  adequate 
supply  of  water.  Some  shallow  open  wells  are  used,  but  they  furnish 
an  insignificant  part  of  the  water  supply.  Some  of  the  springs,  espe- 
cially such  as  flow  from  coal  horizons,  contain  iron  or  sulphur.  These 
may  also  at  times  contain  alum.  Population  is  sparse,  houses  are  well 
scattered,  and  the  springs  are  usually  safe  and  wholesome.  Even  the 
simplest  of  sanitary  precautions  are,  as  a  rule,  unheard  of,  and  occa- 
sionally water  is  used  from  a  pool  or  bmnch  that  is  utterly  unfit  for 
drinking,  and  doubtless  the  cause  of  a  considerable  amount  of  sickness. 

LEXINGTON  PLAIN. 

The  Highland  Plain  of  Tennessee  extends  northward  into  Kentucky, 
where  it  is  known  as  the  Lexington  Plain.  In  detail  its  elevation 
varies  considerably  but  it  may  be  taken  as  averaging  1,000  feet  in  its 
eastern  and  central  parts  and  800,  600,  or  even  400  feet  along  Ohio 
River.  The  surface  of  much  of  this  Lexington  Plain  is  composed  of 
Mississippian  and  Devonian  sandstones,  shales,  and  limestones. 

In  sandstone  regions  the  water  is  usually  soft,  and  springs  are  more 
abundant  and  constant  than  in  the  shale  or  limestone  areas.  In  the 
Devonian  black  shale,  sulphur,  alum,  and  copperas  springs  are  often 
found.  In  the  limestone  areas  much  of  the  drainage  is  underground, 
and  at  man}^  places  big  springs  occur,  some  of  which  are  so  large  that 
they  furnish  an  abundant  supply  of  water  for  good-sized  towns.  Such 
waters  are  hard. 

In  the  north-central  portion  of  this  Lexington  Plain  there  is  an  oval- 
shaped  area  of  10,000  square  miles  with  Frankfort  almost  in  its  center 
that  is  composed  of  Silurian  limestones  similar  to  those  of  the  Nash*. 
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ville  basin.  Much  of  the  dminage  is  underground,  the  water  in  haixl, 
and  springs  are  scarce  in  some  portions.  Water  may  be  obtained  by 
drilling  generally  at  very  moderate  depths  but  it  almost  always  smells 
slightly  of  petroleum  or  contains  salt  or  other  mineml  matters  render- 
ing it  unfit  for  domestic  purposes.  Streams  dry  up  in  the  summer 
and  ponds  are  dug  to  hold  water  for  stock.  Cisterns  are  very  largely 
used. 

Numerous  mineral  springs  are  found  in  the  limestone  region,  some 
of  which  are  noted  health  and  summer  resorts.  They  usually  contain 
sulphur,  iron,  salt,  or  calcium  and  magnesium  carbonate  and  sulphate. 

In  western  Kentucky,  on  either  side  of  the  lower  part  of  Green 
River,  Carboniferous  sandstones  and  shales  are  exposed  in  an  oval  area 
of  4,000  square  miles  which  belongs  topographically  to  the  Lexington 
Plain  but  whose  water  supplies  are  in  general  much  like  those  of  the 
Cumberland  Plateau  region.  Stream  cutting  has  not  been  so  deep  as 
in  the  eastern  part  of  the  State  and  springs  are  somewhat  less  abun- 
dant, although  sulphur  and  iron  springs  are  numerous. 

GULP  COASTAL  PLAIN. 

That  part  of  Kentucky  which  lies  west  of  Tennessee  River  is  known 
a.s  the  Jackson  Purchase  region.  It  is  an  area  of  unconsolidated  sands 
and  clays  belonging  to  the  Gulf  Coastal  Plain  and  forming  a  continu- 
ation of  the  similar  area  in  western  Tennessee. 

Of  the  Cretaceous  formations  of  Tennessee  only  the  youngest,  the 
Ripley,  extends  north  into  Kentucky.  The  Ripley  sands  and  clays 
lie  within  3  or  4  miles  of  Tennessee  River  and  form  a  belt  5  to  10 
miles  wide.  The  formation  is  porous  and  open  and  becomes  very  dry 
during  summer,  so  that  open  wells  must  frequently  be  sunk  to  a  depth 
of  80  to  100  feet  to  insure  adequate  supplies.  Cisterns  and  artificial 
ponds  are  extensivel}'  used.  On  the  west  the  Ripley  formation  dips 
beneath  the  Porters  Creek  (Flatwoods)  clay  (basal  Eocene),  which  gives 
more  of  a  flatwood  aspect  to  the  topograph}'  here  than  it  does  in  Ten- 
nessee. As  in  Tennessee,  the  water  found  in  it  is  hard,  ''flat  tasted," 
and  not  abundant.  The  thicknCvSs  of  the  Porters  Creek  clay  in  Ken- 
tucky is  not  known,  but  it  is  probably  not  over  200  feet.  It  forms  the 
surface  in  a  belt  6  to  15  miles  wide.  Better  water  could  be  obtained 
in  this  area  from  the  underlying  Ripley  sands,  but  the  water  probably 
would  not  flow  except  in  very  low  places,  though  it  would  commonly 
rise  nearly  to  the  surface. 

The  western  three-fifths  of  the  Purchase  region  is  composed  of  ''Lig- 
nitic"  sands  and  clays  in  which  the  coarser  sand  beds  are  water  bearing. 
They  are  of  variable  character,  however,  and  no  one  coarse  stratum 
seems  widely  pei-sistent.  In  the  eastern  part  of  the  ''Lignitic"  area 
good  water  should  be  found  within  200  to  300  feet  of  the  surface.  At 
Mayfield,  for  example,  excellent  water  is  obtained  at  a  depth  of  250 
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feet.  Near  Mississippi  River  the  depth  will  increase  to  500,  600,  or 
700  feet,  and  the  sands  tend  to  become  finer  and  less  reliable  as  water 
bearers. 

Lafayette  sand  and  gravel,  loess,  Columbia  loam,  and  Mississippi 
flood-plain  alluvium  all  occur  very  much  as  they  do  in  Tennessee,  and 
bear  similar  relations  to  water-supply  problems. 

COMMERCIAL  SPRINGS. 

The  following  springs  reported  shipments  of  water  in  1902:** 

Anita  Spring,  Lagrange,  Oldham  County. 
Bedford  Springe,  Betlford,  Trimble  County. 
Blnelick  Springs,  Bluelick  Springs,  Nicholas  County. 
Crab  Orchard  Springs,  Crab  Orchard,  Lincoln  County. 
Upper  Bluelick  Springs,  Nicholas  County. 

The  aggregate  sales  are  given  as  169,750  gallons,  valued  at  ^21,537. 

PRINCIPAL  PUBLICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  106-118. 

Preliminary  list  of  deep  borings  in  the  United  States,  Pt.  1,  by  N.  II.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  47-49. 

Kentucky  [well  and  spring  records],  by  L.  C.  Glenn:  Water-Supply  and  IrriR. 
Paper  U.  S.  Geol.  Survey  No.  102,  pp.  369-373. 

Water  resources  of  the  Middlesboro- Harlan  region  of  southeastern  Kentucky,  by 
G.  H.  Ashley:  Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Sur\'ey  No.  110,  pp. 

177-178. 


a  Peale,  A.  C,  Mineral  Reflources  U.  S.  for  1902,  U.  S.  Geol.  Survey,  1904,  p.  996. 
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GENERAL  CONJ>ITION8. 

Missouri  has  an  abundant  supply  of  potable  waters,  which,  for  the 
most  part,  come  to  the  surface  in  springs  generously  st»attered  over  a 
large  portion  of  the  southern  half  of  the  State,  and  to  a  less  degree 
over  the  northern  half. 

North  of  Missouri  River  the  country  is  covered  ))y  glacial  drift, 
varying  from  a  few  feet  to  150  feet  in  thickness.  In  this  area  the 
springs  are  small,  ])ut  they  occur  frecjuently  where  erosion  has  cut 
into  the  drift,  which  thus  becomes  the  main  reservoir  for  the  wells  and 
springs  of  the  region. 

South  of  Missouri  River  the  country  is  destitute  of  drift,  but  erosion 
has  cut  deep  valleys  along  the  borders  of  the  Ozark  Platc^au,  and  in 
such  localities  some  of  the  largest  and  finest  springs  of  the  country 
abound. 

TOPOGRAPHY. 

Topographically,  Missouri  may  be  naturally  divided  into  four  great 
districts:  (1)  the  Northwest  Plateau,  (2)  the  North-Centml  Plain,  (3) 
the  Ozark-St.  Francis  Dome,  and  (4)  the  Southeastern  Lowlands,  all  of 
which  are  outlined  on  fig.  33. 

The  first  district,  the  Northwest  Plateau,  includes  the  elevated  por- 
tion in  the  northwestern  third  of  the  State,  and  is  bounded  on  the 
southeast  by  the  900-foot  contour.  This  plateau  rises  gently  to  the 
northeast  corner  of  the  State,  where  an  elevation  of  over  1,200  feet  is 
reached.  The  strata  generally  dip  from  10  to  15  feet  to  the  mile,  in  a 
northwesterly  direction,  thus  burjung  to  a  considerable  depth  the 
Coal  Measures  which  outcrop  on  the  southern  border  of  the  district. 

The  south  boundary  of  the  second  division,  or  the  North-Central 
Plain,  starts  arbitrarily  on  Mississippi  River  in  St.  Charles  County, 
runs  southwesterly  until  it  joins  the  north  boundary  of  the  Ozark-St. 
Francis  Dome  (at  approximately  the  900-foot  contour)  in  Franklin 
County,  which  it  follows  to  the  northwest  comer  of  Barton  County  on 
the  Kansas  line. 

The  Ozark-St.  Francis  Dome  district  is  included  in  the  large  area 
between  the  last-described  line  and  a  line  extending  southwest  from 
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C'lipe  Oirardejiii  to  the  Arkansas  boundary,  following  the  4(>0-foot 
(contour. 

The  Soiitlioastern  LowJandu  include  the  soutlicastcrii  corner  of  the 
Sute  south  of  tho  400-foot  contour,  and  nowhere  have  an  altitude 
much  exceediufj  40(>  feet. 

OKOr^OGir  CONDTTIONS. 

The  Northwest  Plateau  in  ooverpd  wholly  bydrift,  which  is  under- 
lain by  the  Lower  and  llpj>er  Coal  Measures.  The  North-Central 
i'lain  is  partially  covered  i>y  drift  in  the  northeast,  and  underlain  by 
Mi-ssissippian  mid  Ix»wor  (loid  Mra-iurcs,  with  a  fringe  of  Devonian 


and  Silurian  on  the  eastei-n  border.  The  Ozark-St.  Francis  Dome 
varies  greatly  in  altitude  and  in  {jeology.  The  St,  Frincis  Mountains 
are  made  up  of  Algonkian  granite  and  porphyry.  The  givater  por- 
tion of  the  Ozark  legion  is  underlain  liy  Cambrian  rocks,  composed 
of  alternating  bedM  of  dolomites  and  wnndstonew.  The  southeastern 
lowlands  are  underlain  almost  entirely  by  the  sands,  clays,  and  gravels 
of  the  Teiiiary. 
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The  rocks  underlying  this  district  telong  entirely  to  the  Lower  and 
l^pper  Coal  Measures.     The  underground  water  supply  of  this  region 
is  mainly  derived  from  the  drift.     In  the  counties  bordering  the  Mis- 
souri  River,   especiall}'  Atchison   County,  small  f 
springs  are  frequent  in  the  bluifs,  often  occurring 
on^^-third  of  the  way  to  the  top.     They  are  also 
frequent  along  the  valleys  of  many  of  the  streams. 
In  the  greater  part  of  this  district  drills  have  shown 
that  the  basal  stratum  of  the  Coal  Mea.sures  is  a 
porous  sand  rock  containing  occasional  beds  of 
bituminous  shale,  similar  to  the  shale  and  sand- 
stone forming  the  basal  raeml>er  (Cherokee  shales) 
of  the  Coal  Measures  elsewhere  in  the  State.     An 
abundant  suppl}'  of  water  is  nearly  everywhere 
obtained  from   this  sandstone   by  drilling,  as    is 
shown    by   well    recoixls    furnished    by   Mr.    11. 
Hawkins,  of  Chillicothe. 

The  water  from  this  stratum  in  widely  different 
localities  uniformly  carries  about  400  grains  of  salt 
to  the  gallon,  with  some  iron,  and  occasionally 
sulphur.  Mr.  Hawkins  states  that  farmers  in  this 
area  agree  that  this  is  very  good  water  for  live 
stock.  The  pressure  is  sufficient  in  Livingston  and 
adjoining  counties  to  cause  the  water  to  rise  725 
to  74rO  feet  above  sea  level.  Along  Gnind  River 
bottom  the  water  flows  sluggishly  out  of  the  wells. 
As  the  rocks  dip  irregularly  to  the  west  and  north 
from  10  to  15  feet  to  the  mile  the  approximate 
depth  of  the  water  stratum  may  be  calculated  if 
the  surface  elevation  is  known  and  allowance  is 
made  for  the  local  disturbances  producing  irregular 
folds  in  the  strata.  The  water-})earing  stmtum 
varies  from  20  to  70  feet  in  thickness  and  furnishes 
an  abundant  supply  of  water.  Below  this  water 
level  of  -the  Cherokee  shales  and  sandstones  are 
other  water-bearing  strata,  but,  as  a  rule,  the}*^ 
become  more  highly   impregnated   with   mineral  ' 

salts  as  the  depth  increases,  until  the}"  are  no  longer  potable. 

A  few  small  artesian  districts  are  found  in  this  area.  At  Tarkio,  A  tc*hi- 
son  County,  are  seven  small  flowing  wells,  varying  in  depth  from  196 to 
220  feet.  Some  of  these  furnish  the  city  with  water.  They  are  evidently 
derived  from  higher  reservoirs  in  drift  gravel,  overlain  by  an  impervious 
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clay  layer.  Another  flowing  well  at  Bethany,  684  feet  deep,  fur- 
nishes water  for  the  Heilbron  Sanitarium.  It  flows  5  gallons  per 
minute.  The  source  is  near  the  bottom  of  the  well,  in  the  Upper 
Coal  Measures.  Another  flowing  well  is  reported  at  Gallatin,  Davis 
County,  which  probably  obtains  water  from  the  Upper  Coal  Meas- 
ures. There  is  also  a  flowing  well  at  G.  H.  Lawson's,  near  Utica, 
Livingston  Count3^  The  surface  elevation  here  is  about  750  feet. 
The  water  is  saline,  and  derived  from  sand  rock  of  the  Cherokee 
shales.  The  well  is  421  feet  deep,  and  drilling  was  stopped  in  Missis- 
sippian  limestone.     The  water  flows  sluggishly  from  the  top.     There 
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are  a  number  of  mineral  springs  and  drilled  wells  supplying  mineral 
waters  in  this  district,  some  of  which  have  a  national  reputation.  One 
of  the  most  noted  and  popular  of  these  is  Excelsior  Springs,  in  the 
northeast  corner  of  Clay  County,  about  30  miles  northeast  of  Kansas 
City.  In  the  group  of  springs  at  this  place  the  best  are  the  Regent 
and  Siloam  springs,  both  ferromanganese  waters,  derived  from  the 
Coal  Measures  shales.  Two  drill  wells — the  ''Sulpho-saline,"  1,460 
teetdeep,  and  the  "Salt-sulphur,"  1,370  feet  deep — have  been  sunk 
in  this  vicinity,  furnishing  sulpho-saline  waters.  No  record  of  the.se 
two  wells  has  been  preserved,  but  the  writer  believes  that  the  waters 
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are  derived  from  the  Jeflferson  CAty  limestone  (Second  magnesian«  of 
Swallow).  The  watei*s  are  carbonated  and  shipped  to  all  parts  of  the 
country.  Winslow  has  shown  "  the  similarity  of  the  Excelsior  Springs 
waters  to  those  of  St.  Moritz  and  Mont  d'Or  in  Switzerland  and 
France. 

Cities  in  this  district  generally  derive  their  water  from  adjacent 
rivers.  Wells  and  cisterns  are  the  most  common  source  of  potable 
water.  The  fonner  are  shallow,  from  20  to  50  feet  deep,  and  gener- 
ally have  an  abundant  supply  of  water  from  the  drift  gravels.  Broad- 
head  makes  the  following  statement:  *  '^Wherever  limestone  No.  78 
[Bethany  limestone]  of  the  Upper  Coal  Measures  prevails  we  may 
expect  good  streams  of  water  just  l)eneath.  Springs  of  any  kind  are 
not  common  in  either  the  Middle  or  Lower  Coal  Measures,  but  are 
more  frequently  found  where  the  Upper  Coal  Measures  prevail." 

NOKTH-C'ENTRAL   PLAIN    DISTRICT. 

The  greater  part  of  this  district  is  underlain  by  Lower  Coal  Meas- 
ures and  Mississippian  rocks.  Fresh-water  springs  are  not  very 
common,  especially  in  the  Lower  Coal  Measures.  Salt  and  mineral 
springs,  some  of  unusual  size,  abound.  As  regards  the  distribution  of 
underground  waters,  the  district  is  naturally  di\  ided  into  three  sec- 
tions— the  eastern,  middle,  and  southern.  The  eastern  section  is  largely 
overlain  by  drift.  Small  springs  are  found  at  the  base  of  rounded 
hills  of  drift  and  occasionally  along  outcroppings  of  the  Burlington  and 
Ijouisiana  limestones,  and  in  Warren  County  good  springs  are  found  at 
the  base  of  the  St.  Peter  (First)  sandstone.  The  main  dependence  for 
water  in  this  section,  however,  is  in  shallow  wells  in  the  drift  and  in 
cisterns.  In  the  central  section  fresh-water  springs  are  rare,  and 
potable  water  is  mainly  derived  from  wells  and  cisterns,  the  wells 
being  dug  in  loess,  where  that  formation  occurs.  Good  water  may  also 
be  found  in  the  limestones  of  the  Henrietta  or  the  sandstone  of  the 
Marais  des  Cygnes  (Pleasanton)  shales.  This  sei^tion  is  noted  for  the 
enormous  brine  springs  which  are  so  frequent  in  Saline  and  Howard 
counties.  Around  some  of  these  brine  springs  buflFaloes  in  the  past 
have  licked  away  the  soil  to  a  remarkable  degree.  At  McAllister 
Springs  is  an  old  buffalo  lick,  where  a  valley  approximately  25  feet 
deep,  200  feet  long,  and  100  feet  wide  has  been  excavated.  These 
springs  have  become  popular  resorts. 

The  Big  Salt  Spring,  in  Saline  County,  is  a  remarkable  example  of 
one  of  these  brine  springs.  The  surface  rock  is  near  the  base  of  the 
Mississippian,  and  the  spring  proper  is  an  oval  pool  about  25  feet  in 
diameter.  The  water  boils  up  all  over  the  surface  of  this  pool,  and  is 
impregnated  with  sulphur.    Its  source  is  undoubtedly  at  a  great  depth. 

a  Miaaoori  Geol.  Survey,  Report  on  mineral  waters,  vol.  3,  Schweitzer,  p.  202. 
bMisBoaii  Qeol.  Survey,  vol.  1, 187'.M,  p.  37. 
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This  spring  exhibits  a  curious  fluctuation  in  temperature.  Meek 
described  it  in  1855,  in  his  Geological  Report  on  Saline  County,  as  hav- 
ing a  temperature  of  GO"^,  and  as  containing  an  abundance  of  sul- 
phureted  hydrogen.  Woodward  visited  it  in  1890  and  in  his  rejwrt 
on  The  Mineral  Springs  of  Missouri  described  it  as  having  a  tem- 
perature of  56"^,  with  little  or  no  sulphureted  hydrogen.  The  present 
writer  visited  it  in  1903,  when  he  found  the  temperature  to  be  64^, 
with  considerable  sulphureted  hydrogen.  Data  from  these  three 
observations  also  indicate  a  steady  decrease  in  the  flow  of  this  spring. 
The  temperature  obtained  by  Meek  in  springs  in  other  localities  checks 
closely  with  the  data  obtained  by  the  present  writer;  therefore  the 
variation  is  probably  not  due  to  difference  in  thermometers.  Meek 
describes  another  brine  spring  adjoining  this  one  as  subject  to  sudden 
large  fluctuations  in  flow,  independent  of  rains  or  droughts.  He 
states, ''  I  had  the  satisfaction  to  see  it  in  the  act  of  rising.  The  water 
wa.s  seen  to  suddenly  rise  and  flow  out  over  perfectly  dry  ground." 
This  central  section  seems  to  be  a  basin  which  receives  the  flow  from 
the  Ozarks  from  the  southeast,  being  apparently  inclosed  on  the  soutli 
by  the  Sedalia  fold,  and  probably  on  the  west  b}'^  smaller  folds  which 
have  not  yet  been  full}^  outlined.  If  this  view  can  be  fully  verified 
it  might  account  for  the  concentration  of  salines  in  these  waters.  The 
presence  of  a  considerable  amount  of  calcium  chloride  in  all  the  deep 
wells  and  brine  springs  of  this  district  would  presuppose  the  theory 
that  this  was  a  basin  earl}^  shut  ofl'  from  the  sea,  in  which  the  original 
sea  water  became  concentrated.  This  section  is  the  most  prominent 
artesian  region  in  the  whole  State,  and  will  be  referred  to  later.  The 
southwestern  section  of  this  North-Central  Plain  contains  a  few  weak 
springs,  and  these  are  frequently  impregnated  with  alum,  sulphur, 
epsom  salts,  and  sometimes  with  ferrous  sulphate.  These  are  especially 
noted  in  Kates,  Vernon,  and  Barton  counties.  They  are  mainly  derived 
from  the  Cherokee  shales,  which  are  frequently  pyritiferous  and  mag- 
nesian.  A  number  of  valuable  chalyl>eate  springs  are  found  in  this 
section;  they  issue  from  the  basal  sandstone  of  the  Cherokee  shales. 

As  before  stated,  this  North-Central  Plain  contains  the  main  artesian 
areas  of  the  State.  In  the  ciistern  section  of  the  district  an  artesian 
})elt  extends  along  the  eastern  slope  of  the  Winfield-Rensselaer  fold. 
The  writer  has  traced  this  fold  as  far  north  as  Rensselaer  and  believes 
it  to  extend  still  farther  north  into  Lewis  County.  At  Canton,  in 
Lewis  County,  is  an  artesian  well  906  feet  deep,  which  was  sunk  in 
1S9().  The  first  flow  of  water  was  struck  at  870  feet,  in  the  St.  Peter 
sandstone  (First  sandstone  of  Swallow).  Sixty  feet  of  this  porous 
sandstone  was  passed  through  in  the  ])ottom  of  this  well.  A  gage 
at  the  mouth  of  the  well  indicates  a  pressure  of  12  pounds.  This 
well  supplies  the  city  with  water  and  is  lonsed  by  Messrs.  Griffith 
and  Maggard,  who  ship  large  (quantities  of  the  water  abroad.     This  is 
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one  of  the  finest  sulpho-sjiliiu^  wuUm's  in  the  State.  The  well  is  located 
on  a  high  bluff  overlookintr  Mississippi  River  and  is  surrounded  with 
every  adjunct  for  making  a  popular  health  resort.  Two  other  artesian 
wells  were  sunk  at  Lagrange  to  a  depth  of  8(K)  and  850  feet.  Both 
obtained  their  flow  from  the  St.  Peter  sandstone  (First  sandstone  of 
Swallow).  The  water  from  these  is  mildly  sulpho-saline  and  is  largely 
shipped  to  Chicago  and  other  jioints  in  Illinois.  South  of  Lagninge,  at 
Hannibal,  in  Marion  County,  two  other  flowing  wells  were  struck  at  a 
depth  of  about  900  feet,  the  waters  being  also  sulpho-saline,  but 
neither  is  utilized  commercially.  Still  farther  south,  at  Louisiana, 
in  Pike  County,  is  another  sulpho-saline  artesian  well,  strongly 
impregnated  with  sulphureted  hydrogen.  This  well  is  1,350  feet 
deep  and  its  flow  is  very  strong.  The  log  of  the  well  has  been  lost, 
but  it  is  l)i»lieved  that  the  main  flow  comes  from  the  St.  Peter  sandstone 
(First  sandstone  of  Swallow). 

One  of  the  most  interesting  wells  in  the  State,  and  probably  one  of 
the  oldest  drill  wells  in  the  l- nited  States,  is  the  Spaulding  artesian 
well  in  the  north  part  of  Ralls  County,  10  miles  west  of  Hannibal.  It 
was  drilled  by  hand  to  a  depth  of  800  feet  about  1823,  by  the  Govern- 
ment, in  search  of  brine  for  the  manufacture  of  salt.  The  water  is  very 
strongly  impregnated  with  salt  and  sulphureted  hydrogen.  The  flow 
is  very  strong  and  has  never  i)erceptibly  decreased.  The  source  of  the 
water  is  undoubtedly  St.  Peter  sandstone  (First  sandstone  of  Swallow), 
as  this  horizon  outcrops  in  greatly  tilted  beds  a  mile  to  the  southeast. 
A  hotel,  lake,  bath  house,  and  pleasure  grounds  adjoin  the  well. 

At  Bowling  Green,  in  Pike  (bounty,  the  B.  B.  springs  ciirry  509 
grains  of  mineral  matter  to  the  gallon,  475  grains  of  which  are  mag- 
ne^siuni  sulphate.  The  water  is  derived  from  Hannibal  shales.  Not 
far  distant  from  these  are  the  Iris  and  Ionian  springs,  and  the  Kalinat 
well,  owned  b}'  Mr.  I.  R.  Stevens.  The  Kalinat  water  is  somewhat 
similar  to  the  B.  B.  water  in  composition,  and  probably  has  its  source 
in  the  Hannibal  shales. 

This  central  district  has  already  been  referred  to  as  the  main  arte- 
sian region  in  the  State.  Wells  of  this  character  are  located  at  Hunts- 
ville,  Randolph  County;  Salisbury  and  Brunswick,  Chariton  County; 
Carrollton,  Carroll  County;  Sebree,  Howard  (Vmnty;  Sweet  Springs 
and  Malta  Bend,  Saline  County,  and  Smithton,  Pettis  County.  The 
Carrollton  well  is  241  feet  deep.  The  principal  flow  of  saline  water 
was  struck  at  a  depth  of  200  feet,  at  the  l>ase  of  the  Cherokee  shales. 
The  Brunswick  well,  of  sulpho-sjiline  water,  is  1,500  feet  deep  and  was 
sunk  at  a  cost  of  $1,500.  Its  probable  source  is  St.  Peter  sandstone 
(First  sandstone  of  Swallow).  A  strong  flow  of  very  salt  water  was 
struck  at  600  feet,  probably  in  the  Cherokee  shales,  })ut  this  was  shut 
off  by  casing.  The  Salisbury  artesian  well,  also  sulplio-salinc,  was 
sunk  by  the  city  to  a  depth  of  852  feet  and  at  a  cost  of  $2,500. 


\ 
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At  Malta  Bend,  in  Saline  County,  an  artesian  well  was  sunk  to  a 
depth  of  1,250  feet.  The  first  flow,  strongly  charged  with  salt  and 
sulphureted  hydrogen,  was  struck  at  640  feet,  in  Cherokee  (i)  shales. 
At  840  feet  a  stronger  flow  of  salt  water  was  struck  in  sandstone  (St. 
Peter  sandstone?).  At  Sweet  Springs  a  strong  flow  of  sulpho-saline 
water,  estimated  at  840  gallons  per  minute,  was  struck  in  a  well  1,074 
feet  deep.  The  cost  of  this  well,  $3,000,  was  raised  b}^  subscription. 
Excepting  a  few  chalybeate  springs,  the  most  notable  springs  in  the 
central  district  are  the  Sweet  and  McAllister  springs.  A  few  years 
ago  the  former  was  a  noted  resort  in  the  State,  with  a  fine  hotel  and 
park.  Since  the  burning  of  the  hotel  the  property  has  depreciated, 
but  the  mildly  saline  water  is  still  shipped  from  the  bottling  works. 
The  McAllister  springs  are  in  a  group  located  about  5  miles  from 
Sweet  Springs,  the  more  impoi'tant  of  them  being  the  Black  Sul- 
phur and  two  salt  springs  situated  in  the  old  buffalo  lick  previously 
described.  The  conditions  for  well  water  are  similar  to  those  men- 
tioned in  the  Lower  Coal  Measures  of  the  eastern  section. 

In  the  western  section  of  the  North-Central  Plain,  on  the  western 
flanks  of  the  Ozark  dome,  are  two  groups  of  artesian  wells,  one  at  Clin- 
ton, in  Henry  County,  the  other  in  Vernon  County,  at  Nevada  and 
Smithton.  The  writer  is  indebted  to  Dr.  J.  H.  Britts,  of  Clinton,  for 
records  of  the  seven  wells,  five  of  them  flowing,  which  were  sunk  at 
that  place.  Well  No.  1  was  sunk  to  a  depth  of  800  feet.  At  425  feet 
a  flow  of  200  gallons  per  minute  was  obtained  from  the  Moreau  (Second) 
sandstone.  At  800  feet  a  flow  of  400  gallons  was  obtained  from  the 
Gunter  sandstone  (Third  sandstone).  Well  No.  7,  sunk  to  a  depth 
of  818  feet,  flowed  1,000,000  gallons  daily,  surpassing  all  the  others 
combined.  It  derives  its  supply  from  the  (xunter  sandstone.  This 
well,  which  yields  a  slightly  alkaline  sulphur  water,  furnishes  an  abun- 
dant supply  for  the  city.  Three  of  these  wells  are  adjacent  to  one 
another,  and  their  surplus  waters  form  a  beautiful  lake,  which,  with 
a  hotel  and  park,  make  a  fine  pleasure  resort. 

At  Nevada,  Vernon  County,  a  well  was  sunk  to  a  depth  of  900  feet, 
at  a  cost  of  $2,500.  The  principal  water  was  reached  at  a  depth  of 
560  feet,  probably  in  the  St.  Peter  sandstone.  A  beautiful  park  and 
lake  surround  this  well.  Another  small  artesian  well  is  located  at 
Smithton,  in  the  same  county. 

The  three  beds  of  limestone  of  the  Henrietta  formation  and  some  of 
the  sandstone  beds  of  the  Cherokee  shales  are  all  water  bearers  and 
supply  good  waters. 

OZARK-ST.  FRANCIS   DOME. 

This  is  an  area  of  decided  uplift  that  extends  from  Missouri  River 
to  the  Red  in  Arkansas,  and  from  the  Mississippi  into  Indian  Terri- 
tory.    The  rocks  dip  gently  in  every  direction  from  the  elongated 
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axis.  Erosion  has  (mt  deep  valleys,  especially  on  the  eastern  side. 
The  two  highest  points  are  Tauni  Sauk,  in  the  St.  Francis  Mountains, 
where  an  elevation  of  1,800  feet  is  reached,  and  Cedar  Gap,  in  Wright 
Countv,  1,700  feet  above  sea  level.  Structui*allv  this  area  is  somewhat 
complex,  divergent  anticlines  merging  into  the  main  fold.  There  is 
strong  evidence  of  two  distinct  periods  of  elevation.  In  the  St.  Fran- 
cis Mountains  the  granites  and  porphyries  are,  it  is  believed,  of  Algon- 
kian  age.  The  major  portion  of  the  Ozarks  are  alternating  beds  of 
sandstones  and  dolomites  belonging  to  the  Silurian  and  Cambrian. 
Bordering  these  sandstones  and  dolomites  are  narrow  belts  of  Devo- 
nian and  Mississippian  rocks.  This  is  preeminently  a  district  of  great 
springs  and  caverns.  In  the  St.  Francis  region,  however,  springs  in 
the  crystalline  rocks  are  extremely  rare.  Considered  geologically, 
the  lowest  water-bearing  horizon,  and  the  most  prominent  one  in  the 
State,  is  the  Gasconade  limestone  (Third  Magnesian).  This  has  a  maxi- 
mum thickness  of  500  feet,  is  frequently  cavernous,  and  some  of  the 
largest  springs  in  the  country  flow  from  it.  \ 

Mammoth  Spring,  in  Arkansas,  for  example,  just  over  the  State  \ 
line,  with  its  source  in  Missouri,  has  a  flow  of  226,195,200  gallons  per 
day.  This  is  one  of  the  largest  springs  in  the  world.  Bennett's  or 
Bryce's  spring,  in  Dallas  County,  has  a  flow^  of  161,568,000  gallons  per 
day.  Ha  Ha  Tonka  or  Gunter's  spring,  in  Camden  County,  has  a 
flow  of  158,982,000  gallons  per  day.  Other  immense  springs  are 
found  in  this  formation.  Greer  Spring,  in  Oregon  County,  is  reported 
by  Prof.  H.  B.  Shaw,  of  Missouri  State  University,  in  his  paper  on 
The  Water  Power  of  Missouri,  published  by  the  university  press,  to  I 

have  a  flow  of  42,000  cubic  feet  per  minute.     Meramec  Spring,  in  " 

Phelps  County,  is  reported  by  the  same  authority  to  have  a  flow  of  \ 

7,500  cubic  feet  per  minute.  Double  Spring,  in  Ozark  County,  the 
Waynesville  and  several  other  springs  in  Pulaski  County,  and  a  num- 
l>er  in  Miller,  Crawford,  and  Morgan  counties  swell  this  record.  As 
would  be  expected,  great  caves  and  enormous  sink-holes  abound,  the 
latter  marking  the  course  of  underground  channels.  The  underground 
channel  of  the  stream  probably  forming  Mammoth  Spring,  in  Howell 
County,  is  outlined  by  the  ''Grand  Gulf,"  a  wonderful  sink  three- 
quarters  of  a  mile  long  by  200  feet  deep.  From  the  bottom  of  this 
chasm  a  cave  leads  into  a  more  recent  channel,  exposing  the  stream, 
wliich  flows  out  as  Mammoth  Spring.  The  water  from  this  formation 
is  clear,  cold,  moderately  hard,  and  carries  from  10  to  15  grains  per 
gallon — mainly  lime  and  magnesian  carbonates. 

The  Trenton  limestone  is  a  prominent  water-carrier  in  JeflFerson 
County.  The  "Big"  or  ''Houvse's"  spring  may  be  mentioned  as  an 
example  from  this  horizon. 

In  the  Delthyris  shales,  of  the   upper  Silurian,  springs  are  par- 
ticularly abundant  and  in  Perry  County  are  often  large. 
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In  the  Chouteau  group  are  found  weak  but  highly  mineralized 
springs.  Next  to  the  Gasconade  limestone,  the  Burlington  limestone 
is  the  most  important  water-bearing  horizon  in  this  area.  Caves  and 
large  springs  of  remarkable  purity,  .carrying  from  15  to  20  grains  of 
carbonates  of  lime  and  magnesia  to  the  gallon,  are  found  everywhere 
in  the  horizon,  notably  in  Greene,  Lawrence,  Newton,  McDonald, 
Barry,  and  Christian  counties. 

The  St.  Louis  limestone,  besides  being  cavernous,  includes  some 
large  springs. 

While  only  the  more  prominent  water-bearing  strata  have  been  men- 
tioned, it  might  be  said  that  small  but  pure  c6ld  springs  are  numerous 
in  all  the  formations  of  the  Ozarks.  A  few  chalybeatosprings,  issuing 
mainly  from  ferruginous  sandstones,  are  found  throughout  the  district. 
A  few  sulpho-chalybeate  springs  of  considerable  value  issue  from  the 
Graydon  sandstone  of  the  Mississippian,  notably  those  at  Graydon 
and  Eudora  Springs,  in  Polk  County,  and  at  Paris  Springs,  in  Law- 
rence County.  Several  cities  in  this  district  derive  their  water  supply 
from  large  springs.  Springfield,  a  city  of  32,000  inhabitants,  is  sup- 
plied entirely  from  the  Fulbright  Spring,  which  issues  from  the  Bur- 
lington. This  remarkably  pure  spring  carries  only  about  10  grains  of 
mineral  matter,  mainly  calcium  carbonate,  to  the  gallon. 

A  few  small  artesian  wells  are  found  in  this  district  in  McDonald, 
Newton,  Christian,  Camden,  Miller,  Cole,  Jeflferson,  and  Cape  Girar- 
deau counties.  In  St.  Louis  County  is  found  a  particularly  interesting 
artesian  basin,  formed  by  Ordovician  and  Mississippian  rocks  dipping 
strongly  underneath  a  patch  of  surface  Coal  Measures  in  the  center. 

SOUTHEASTERN   LOWLANDS. 

In  this  district  the  question  of  pure  drinking  water  has  been  a 
serious  problem.  There  are  practically  no  springs.  The  country  is 
low  and  frequently  swampy,  and  the  surface  water  contains  considera- 
ble organic  matter.  The  discovery  of  artesian  water  in  a  well  sunk 
about  one  year  ago  at  Campbell,  Dunklin  County,  to  a  depth  of  910 
feet  now  points  to  an  easy  solution  of  this  diflSculty.  The  first  flow 
of  water  in  this  well  was  reached  at  a  depth  of  135  feet,  but  the  prin- 
cipal source  was  found  at  the  bottom  of  the  well.  The  water  is  soft 
and  slightly  charged  with  sulphur. 

COMMERCIAL.  SPRINGS. 

Besides  })cing  used  as  resorts  or  as  adjuncts  to  sanitariums,  18 
or  more  springs  place  the  waters  on  the  market.  In  1902  the^>e 
springs,  a  list  of  which  is  given  below,  reported  shipments  of  963,545 
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gallons,  valued  at  $204,270/*    The  water  is  used  for  table  and  niedici- 
.  iial  purposes. 

Akesion  or  Healing  Spring,  Sweet  Springs,  Saline  County. 

American  Mineral  Springs,  St.  Louis  County. 

B.  B.  Mineral  Springs,  Bowling  Green,  Pike  County. 

Blue  Lick  Springs,  Blue  Lick,  Saline  County. 

Browns  Lineville  Springs,  Mercer  (bounty,  near  Lineville,  Iowa. 

Eldorado  Springs,  Eldorado  Springs,  Cedar  County. 

Excelsior  Springs,  Excelsior  Springs,  Clay  County. 

Haymakers  Lineville  Springs,  Mercer  County,  near  Lineville,  Iowa. 

.Jackson  Lithia  Spring,  Jackson  County. 

Lineville  Mineral  Springs,  Mercer  County,  near  Lineville,  Iowa. 

McAllister  Springs,  McAllister,  Saline  County. 

Magnesia  Gusher  Spring,  Canton,  Lewis  County. 

Monegaw  Springs,  Monegaw  Springs,  St.  Clair  County. 

Mysterious  Medical  Spring,  Canton,  Lewis  County. 

Ponce  de  Leon  Well,  Desoto,  Jefferson  County. 

Randolph  Springs,  Randolph  Springs,  Randolph  County. 

Sweet  Springs,  Sweet  Springs,  Saline  County. 

Windsor  Spring,  Windsor,  St.  Louis  County. 

PRINCIPAIi  PUBLiICATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  (Jeol.  Survey  No. 

32,  pp.  164-170. 
Preliminary  list  of  deep  borings  in  the  United  States,  pf.  1,  by  N.  lI.Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  57,  pp.  58-59. 
Mineral  waters  of  Missouri,  by  Paul  Schweitzer:  Missouri  Geol.  Survey,  vol.  3,  1892. 
Missouri  [well  and  spring  records],  by  E.  M.  Shepard:  Water-Supply  and  Irrig. 

Paper  U.  S.  Geol.  Sur\'ey  No.  102,  pp.  389-440. 
Spring  system  of  the  Decaturville  dome,  Camden  County,  Mo.,  by  E.  M.  Shepard: 

Water-Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  110,  pp.  113-125. 


a  Peale.  A.  C,  Mineral  Resources  U.  S.  for  19Q2,  U.  B.  Geol.  Survey,  1904,  p.  996. 
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By  William  TIakmon  Norton. 


The  underground  water  resources  of  Iowa  are  of  two  classes.  The 
first  includes  those  bodies  of  ground  water  which  are  fed  by  the  local 
rainfall  and  are  reached  by  common  wells,  or  issue  as  springs  wherever 
the  ground-water  surface  is  reached  by  valleys.  Artesian  waters,  the 
second  class,  comprise  the  more  deeply  circulating  waters  which  move 
under  pressure  through  permeable  layers  of  the  earth's  crust. 

SHAIiLiOW  SUPPIilES. 

On  account  of  the  abundant  rainfall  of  the  State,  there  appears  to 
be  no  considerable  area  where  the  waters  of  the  first  class  are  not  found 
within  easy  drilling  distance  in  quantities  suflBcient  at  least  for  domestic 
and  farm  uses.  Their  distribution,  however,  is  governed  by  ceitain 
geologic  conditions  which  will  be  briefly  sketched. 

THE   DRIFTLESS   AREA. 

This  area  includes  a  relativel}^  small  tract  in  northeastern  Iowa  which 
was  never  covered  by  the  various  ice  sheets  which  spread  deposits 
of  drift  over  the  remainder  of  the  State.  Its  maturelv  dissected 
surface  has  a  greater  relief  than  exists  elsewhere  in  Iowa,  having  a 
maximum  range  of  600  feet.  The  ground  water  level  lies  low  within 
the  steep-sided  and  narrow  ridges.  The  limestones  which  in  part  form 
the  surface  of  these  uplands  are  pitted  with  sinkholes  through  which 
the  rainfall  drains  into  cavernous  passages  and  rapidly  finds  way  to 
underlying  massive  and  porous  sandstones  of  great  stoiuge  capacity, 
which  supply  copious  springs  wherever  they  are  cut  by  the  valleys. 

WATERS   OF   THE   DRIFT. 

Outside  the  driftless  area  the  State  is  covered  with  sheets  of  drift  of 
various  age.  The  most  recent  is  the  Wisconsin  drift  sheet,  occupying 
the  north-central  portion  of  the  State.  It  presents  a  surface  with 
countless  undrained  depressions  and  streams  which  have  hardly  begun 
the  work  of  erosion.  Ground  water  here  stands  high,  and  exuding  in 
the  sags  gives  rise  to  the  many  lakelets  and  the  extensive  sloughs  of  the 
region. 
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The  lowaii  drift  sheet,  which  forms  the  surface  in  the  northeastern 
portion  of  the  State,  has  a  tojwgniphy  that  is  somewhat  older  than 
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Fig.  S4.— General  geologic  section  of  Iowa. 


that  of  the  Wisconsin,  the  lakelets  and  sloughs  having  been  largely 
drained  by  the  natural  erosion  of  the  streams. 
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Except  a  narrow  strip  along  Missisaippi  River,  extending  from  Scott 
Count}'^  southward,  which  was  invaded  from  the  east  by  the  Illinoian 
ice,  the  remainder  of  the  State  is  covered  with  the  Kansan  drift  she^t, 
an  old  drift  deeply  weathered,  and  for  the  most  part  much  cut  by 
streams  before  the  deposition  of  the  surface  silt  known  as  '*  loess." 
Beneath  the  Kansan  Iowa  geologists  have  recognized  still  earlier  drift, 
without  surface  outcrop,  known  as  the  '"pre-Kansan." 

Overlapping  one  another  like  the  shingles  on  a  roof,  these  broad 
sheets  of  stony  clay,  with  their  attendant  beds  of  sand  and  gravel, 
largely  control  the  distribution  and  the  quality  of  the  ground  water  of 
common  wells.  The  stiff,  ston}^  clays  of  Avhich  the  drift  is  chiefly  com- 
posed are  impervious  and  dry,  water  l)eing  found  only  in  the  seams  of 
sand  and  gravel  included  within  the  mass  of  the  drift  sheet,  and  espe- 
cially in  the  broad  gravel  and  sand  layei's  by  which  the  successive 
sheets  of  drift  are  often  separated,  or  which  often  immediately  overlie 
the  country  rock.  Thus  the  Buchanan  gravel,  a  weathered  and  thor- 
oughly oxidized  deposit  of  Kansan  age,  is  an  important  source  of  sup- 
ply, even  where  lying  beneath  the  stony  clays  of  more  recent  ice 
invasions. 

The  drift  is  so  thick  and  the  distance  to  the  various  water-bearing 
layers  so  great  that  wells  must  frequently  be  sunk  to  depths  of  KM) 
feet  or  more.  Except  on  special  areas  such  as  river  plains,  where 
ground  water  stjmds  near  the  surface,  the  windmill  is  a  marked  feature 
of  the  typical  Iowa  landscape. 

ARTESIAN  WATERS. 

The  artesian  field  of  Iowa  is  part  of  the  extensive  artesian  area  of 
the  upper  Mississippi  Valley,  which  includes  also  a  portion  of  Missouri, 
a  large  part  of  Illinois,  and  southern  Minnesota  and  Wisconsin. 
The  catchment  area  of  the  field  lies  for  the  most  part  in  the  two  States 
last  mentioned.  From  this  gathering  ground  a  succession  of  beds 
which  supply  all  the  requisite  conditions  for  artesian  wells  slope  south- 
ward. The  series  consists  of  many  broad  sheets  of  limestones,  some- 
times cavernous,  of  impervious  shales,  and  of  close-textured  to  porous 
sandstones,  whose  total  thickness,  as  found  by  adding  together  the 
maximum  thicknesses  of  the  different  formations,  amounts  to  6,000  feet. 
These  strata,  which  include  representatives  of  nearly  all  the  stages  of 
the  Paleozoic  system,  and  in  western  Iowa  of  some  of  the  Mesozoic, 
rest  on  a  floor  of  quartzites  and  schists  of  Algonkian  age.  In  north- 
ern Iowa  the  strata  also  dip  from  the  eastern  and  western  boundaries 
of  the  State  toward  a  median  line,  forming  a  shallow  trough  or  syn- 
cline,  whose  axis  lies  in  about  the  longitude  of  the  upper  Des  Moines 
River.  In  southern  Iowa  the  western  liml)  of  this  syncline  is  depressed, 
and  under  the  south w(\stern  counties  the  rock  sheets  lie  more  nearlv 
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level.     In  southeastern  lowji  the  lower  beds  rise  in  a  low  dome  now 
covered  and  concealed  beneath  later  fomiations.  ^ 

So  exeeedingly  gentle  are  the  dips  of  these  strata  that  the  catch- 
ment area  is  of  great  width,  and  the  supply  of  the  artesian  reservoir 
correspondingly  ample.  Of  perhaps  still  more  importance  is  the  con- 
sequence that  even  the  basal  water-bearing  beds  are  within  drilling 
distance  over  about  four-fifths  of  the  State.  So  far  as  known,  their 
continuity  is  not  interrupted  by  any  fault  or  break  barring  the  way  ^ 
of  their  percolating  waters  or  presenting  lines  of  leakage. 

Camhnan  VfK'ks. — The  lower  division  of  the  Cambrian  may  be  called 
the  St.  Croix  or  basal  sandstone.  It  rests  directlv  on  the  Alcronkian 
floor.  It  is  at  least  1,100  feet  thick  in  the  vicinity  of  the  Mississippi 
River,  but  thins  rapidly  as  it  rises  on  the  western  side  of  the  centml 
syncline.  All  its  pervious  strata  are  water  bearing,  except  where  its 
summit  lies  above  the  ground-water  surface  along  the  Wisconsin 
border.  Beyond  the  counties  bordering  the  Mississippi  in  northeast- 
ern Iowa  the  nearly  static  waters  of  this  deep  reservoir  are  likely  to 
be  heavily  mineralized.  Thus  at  Cedar  Kapids  in  a  well  that  reached 
the  Algonkian  quartzite  at  1,417  feet  below  sea  level,  the  basal  sand- 
stone waters  were  so  salty  and  so  corrosive  to  the  iron  casing  that  the 
boring  was  plugged  to  shut  off  all  water  below  that  of  the  Jordan. 

The  most  important  water-bearing  bed  of  the  Iowa  field  is  the  Jor- 
dan sandstone,  a  light-colored,  srtiooth-grained  rock,  from  100  to  200 
feet  thick.  It  is  to  this  water-bearing  stratum  that  drillers  are  usually 
encouraged  to  go,  and  it  is  here  that  they  are  often  also  urged  to  stop. 
The  Jordan  is  separated  by  impervious  shales  and  shal}'  dolomites, 
called  the  St.  Lawrence,  from  the  basal  sandstone. 

Ordovicim}^  SUuria?}^  and  Devonian  Toch*<, — At  the  base  of  the 
Ordovician  is  the  Oneota  (Lower  Magnesian),  a  dolomitic  formation, 
which  may  be  divided  into  an  upper  and  a  lower  division,  separated 
by  a  bed  of  sandstone  equivalent  to  the  New  Richmond  of  Wisconsin. 
With  a  thickness  of  from  300  to  600  feet,  it  appears  to  underlie  the 
entire  State,  every^where  showing  the  perfect  and  complete  dolomiti- 
zation  and  admixture  with  arenaceous  material  characteristic  of  its 
outcrop.  The  flow  of  an  artesian  well  is  often  notably  increased  as 
the  drill  penetrates  this  creviced  and  porous  formation  with  its  included 
sandy  layers. 

The  St.  Peter  is  a  remarkably  persistent  formation  whose  normal 
thickness  is  about  100  feet.  It  is  a  bed  of  incoherent  quartz  sand, 
which,  because  of  its  freedom  from  clays  and  cementing  material  and 
because  of  the  phenomenal  roundness  of  its  grains,  is  an  exceptionally 
important  water  horizon.  So  distinct  are  its  grains  from  those  of 
any  sandstone  above  it  that  the  St.  Peter  is  easil}^  recognized  by  the 
experienced  well  driller  as  well  as  by  the  geologist.     In  northern  Iowa, 
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even  as  far  west  as  Cherokee,  it  3'^ields  fair  supplies  of  water  derived 
from  its  outcrops  in  Minnesota. 

Above  the  St.  Peter  is  the  Galena-Trenton,  a  body  of  limestone 
underlying  considerable  areas  within  the  State.  The  Galena-Trenton 
is  shaly  at  its  base,  and  in  places  thoroughly  dolomitized.  The  dolo- 
mitic  phase,  being  porous  and  often  creviced,  occasionally  yields  arte- 
sian water,  as  at  Davenport,  the  water  apparently  being  derived  from 
the  underlying  sandstone. 

The  Ordovician  series  includes  as  its  highest  member  the  Maquoketa 
shale,  which  has  a  maximum  thickness  of  275  feet,  and  which,  in  east- 
ern Iowa  at  least,  effectively  seals  the  formations  beneath  it.  Where 
it  lies  near  the  surface  and  the  Silurian  (Niagara)  limestone  forms  the 
country  rock,  it  gives  a  water-tight  floor,  immediately  above  which 
water  may  often  be  obtained  by  ordinary  wells  in  quantities  suflicient 
for  village  supplies. 

The  Devonian  and  Silurian  rocks  are  of  slight  importance  except  in 
southeastern  Iowa,  where  the  latter  become  arenaceous  and  yield  a 
bountiful  supply  at  Keokuk  and  Fort  Madison. 

Carbonifero^cs  rocks, — The  importance  of  the  Carboniferous  system 
as  a  source  of  water  supply  is  in  part  due  to  its  wide  extent  west  of 
Iowa  River.  Despite  its  great  thickness — the  lower  or  Mississippian 
division  measuring  670  feet  and  the  upper  or  Pennsylvanian  div^ision 
(Coal  Measures)  reaching  a  thickness  of  1,060  feet — the  permeable 
strata  of  the  series  are  neither  thick  nor  persistent.  A  niunber  of 
flowing  wells  are,  however,  supplied  from  it,  although  their  watei-s 
are  often  heavily  mineralized  and  their  discharge  slight.  The  well- 
known  medicinal  wells  of  Colfax  furnish  a  typical  example.  In  wells 
which  reach  the  deep-lying  beds  beneath  the  Carboniferous,  these 
upper  waters,  often  impregnated  with  the  sulphates  of  lime,  soda,  and 
magnesia,  are  not  always  effectively  cased  off. 

Dakota  (sandstone, — The  Dakota  sandstone,  which  is  a  source  of  some 
importance  iri  northwestern  Iowa,  is  cut  off  from  the  great  Dakota 
field,  where  it  carries  an  enormous  volume  of  water  under  high  head, 
by  the  mass  of  Sioux  quartzite  of  southeastern  South  Dakota.  In  Iowa 
its  water  is  under  little  head,  and  so  far  as  tested  is  of  poor  quality. 

Sitvimary, — Successful  artesian  wells  have  been  drilled  in  all  parts 
of  the  State  except  on  the  high  divides  in  southwestern  Iowa,  where 
the  water-bearing  rocks  reach  their  greatest  depth  below  the  surface. 
More  than  150  artesian  wells — not  counting  those  in  glacial  drift, 
which  are  numbered  high  in  the  hundreds — have  already  been  drilled 
at  an  expenditure  estimated  at  not  less  than  ^500,000.  The  water 
supply  of  some  of  the  larger  cities  of  the  State — such  as  Dubuque, 
Cedar  Rapids,  Clinton,  and  Boone — is  drawn  in  considerable  part 
from  artesian  wells,  but  is  supplemented  from   other  sources.      In 
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the  cities  the  larger  number  of  artesian  wells  are  of  private  owner- 
ship, having  been  sunk  by  various  manufacturing  companies,  such  as 
{mcking  establishments,  breweries  and  bottling  works,  glucose  works, 
and  ice  factories.  In  the  number  of  artesian  wells,  Davenport  heads 
the  list  with  14  or  more.  For  smaller  towns  artesian  water  forms 
an  ideal  supply,  and  about  30  of  such  towns  within  the  State  have 
already  availed  themselves  of  it.  Pure,  unpolluted  artesian  waters 
are  provided  for  a  number  of  the  State  institutions,  including  the 
State  College  of  Agriculture  and  Mechanic  Arts,  the  two  peniten- 
tiaries, two  hospitals  for  the  insane,  and  three  of  the  minor  institutions. 

MINlCRAIi  8PRING8. 

Six  of  the  springs  of  Iowa  reported  sales  of  their  water  for  table  or 
medicinal  uses  in  1902.     The}'  are  as  follows: 

Boone  Mineral  Well,  Boone,  Boone  County. 
Colfax  Mineral  Spring,  Colfax,  Jasper  County. 
Fry*8  Colfax  Mineral  Springs,  Colfax,  Ja8{)er  County. 
I^ke  View  Me<lical  Spring,  Lake  View,  Sac  County. 
Ottumwa  Mineral  Springs,  East  Ottuniwa,  Wapello  County. 
White  Sulphur  Spring,  near  Davenport,  Scott  County. 

The  sales  reached  an  aggregate  of  152,050  gallons  valued  at  $14,655.** 

PRINCIPAL  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  161-163. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  II.  Darton:  Water-  • 

Supply  and  Irrig.  Paper  U.  S.  (teol.  Survey  No.  57,  pp.  39-41. 
Art<»sian  wells  of  Iowa,  by  W.  H.  Norton:  Iowa  (leol.  Survey,  vol.  6,  1897. 


a  Peale,  A.  C,  Mineral  Kesources  V.  H.  for  1902,  V.  S.  (ieol.  Survey.  1904,  p.  996. 


MINNESOTA. 


By  C.  W.  Hall. 


TOPOGRAPHY. 

The  topographic  features  of  Minnesota  are  simple,  and  its  relief  is 
low.  The  highest  point  of  the  State — the  Misquah  Hills  in  the  north- 
eastern corner — is  only  2,230  feet  in  altitude.  The  lowest  point  is  the 
shore  of  Lake  Superior  at  602  feet.  The  average  elevation  is  very 
close  to  1,200  feet,  since  there  are  42,390  square  miles  below  and  41,897 
square  miles  above  the  1,200-foot  level. 

WATER  RESOURCES. 

GENERAL  C50NDITION8. 

The  northeastern  portion  of  the  State  seems  so  thoroughly  well 
watered  b}^  streams,  lakes,  and  springs  that  thus  far  there  has 
been  no  strong  demand  for  artesian  water,  and  indeed  the  crystalline 
rocks  lying  immediately  beneath  the  glacial  drift  offer  an  effectual 
bar  to  artesian  boring.  In  the  centml  portion  of  the  State  there  is 
an  occasional  basin  in  which  artesian  waters  gather  and  in  which 
there  are  wells  of  moderate  depth.  In  these  parts  of  the  State  nuich 
of  the  surface  is  too  high  to  obtain  flowing  water,  and  is  so  high  that 
only  occasionall}'  can  supplies  be  obtained  by  pumping.  Thus  the 
southeastern  and  northwestern  portions  of  the  State  are  the  only  areas 
which  may  be  regarded  as  artesian  basins  in  any  broad  sense  of  that 
term. 

Exploration  for  water  in  Minnesota  during  the  last  twenty-five  ^^ears 
has  shown  that  artesian  waters  are  derived  from  a  wide  range  of  geo- 
logical formations,  which  are  grouped  according  to  geologic  age  into 
Eo-Paleozoic,  Cretaceous,  and  Glacial  drift.  There  are  few  areius 
within  the  State  where  waters  are  not  obtainable  from  at  least  one  of 
these  three  groups,  if  they  be  obtjiined  at  all. 

WATER-BEARING   STRATA. 

There  are  no  water-bearing  strata  below  the  Paleozoic.  Within  the 
Cambrian  and  Ordovician  rocks,  which  stretch  in  a  widening  l)elt  from 
Duluth  southward  to  the  Iowa  line,  is  a  succession  of  sandstones  alt^^r- 
nating  with  shales,  dolomites,  and  dolomitic  limestones  that  3'ield  copi- 
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Oils  supplies  of  artesian  waters.  Comparatively  little  exploration  has 
been  done  within  this  area  from  Duluth  southward  to  Hincklev,  the 
rorks  being  too  thin  and  too  high  above  the  sea;  but  from  Hinckley  to 
the  Iowa  line  scores  of  wells  have  been  sunk,  which,  with  very  few 
exceptions,  yield  a  supply  of  water. 

Camhriufi. — This  series  of  dolomites,  shales,  and  sandstones  varies 
considerably,  as  shown  by  many  exposures  in  the  upper  Mississippi 
region.  In  the  St.  Croix  region  is  a  series  to  which  Dr.  C.  P.  Berkey 
has  given  the  name  Basal  sandstone.**  At  the  base  of  this  series  is  a 
persistent  sandstone,  attaining  a  thickness  of  1,0(K)  feet  at  Minneapolis 
and  gradually  thinning  out  in  all  directions  as  though  beneath  this 
point  was  the  deepest  part  of  a  great  basin  of  deposition.  So  fre- 
(juently  has  this  bottommost  sandstone  layer  l)cen  reached  in  artesian 
well  boring,  that  its  characters  and  those  of  the  overlying  rocks  are 
thought  to  be  pretty  definitely  established. 

xVl>ove  this  sandstone  is  a  bed  of  shales  and  dolomites  of  varying 
thickness  and  texture,  which  is  called  locally  the  St.  Lawrence  forma- 
tion. Upon  it  rests  another  sandstone  series  called  the  Jordan,  which 
locally  attains  a  thickness  of  11(>  feet.  This  is  remarkably  porous  and 
is  strongly  water  bearing,  yet  it  is  made  up  of  unusually  well-rounded 
and  symmetrical  grains,  varj-ing  in  coarseness  from  one-sixteenth  of 
an  inch  down  to  granules  of  extreme  fineness. 

Ordoriclan.  —Resting  upon  the  Jordan  sandstone  is  the  Oneota  for- 
mation, the  most  massive  and  uniform  as  well  as  the  thickest  bed  of 
dolomite  within  the  State.  While  the  Oneota  formation  in  many 
places  is  very  porous  through  its  dolomitization,  it  nowhere  carries 
water  suiSScient  to  serve  as  a  source  of  water  supply. 

Above  the  Oneota  is  a  layer  of  sandstone  called  the  New  Richmond 
sandstone.  Although  this  is  a  very  thin  layer,  nowhere  exceeding 
20  feet  in  thickness  and  in  places  completely  lost  sight  of  by  w^ell 
borers,  yet  in  a  few  localities  it  has  become  the  source  of  a  generous 
water  supply,  \2\yon  this  New  Richmond  sandstone,  which  appears  to 
be  the  basal  conglomerate  of  the  Canadian  series  of  the  upper  Missis- 
sippi Valle\',  rests  a  dolomite  of  somewhat  unique  characters,  which 
for  Minnesota  has  been  named  the  Shakopee.  This  is  of  var^ang 
thickness  and  everywhere  thoroughly  dolomitized.  It  represents  a 
formation  much  altered  from  its  original  condition.  That  it  once  was 
much  thicker  than  at  the  present  time  there  is  every  reason  to  believe. 
It  sometimes  carries  small  lenticular  beds  of  sandstone,  which  in  certain 
portions  of  the  State  appear  as  (juite  conspicuous  features  in  the  for- 
mation.    Elsewhere  their  absence  is  a  marked  characteristic. 

Resting  upon  the  Shakopee  with  some  unconformity,  evidenced  in 
part  by  the  varying  thickness  of  the  Shakopee  beneath,  is  a  persistent 
sandstone  called  the  St.  Peter.     This  sandstone  at  Minneapolis  and 

a  Berkey,  C.  P.,  Geology  of  the  St.  Croix  Dalles;  Am.  Geol.,  vol.  20,  lb97,  p.  372. 
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St.  Paul  is  over  160  feet  in  thickness.  Southward  it  thins  to  75 
or  80  feet,  while  at  other  points  it  becomes  thicker.  According  to 
measurements  in  river  valleN'^s  and  artesian  well  borings  its  thickne:*^ 
is  variable.  This  is  an  unusually  strong  water-bearing  formation,  and 
is  utilized  wherever  it  occurs  as  a  source  of  water.  To  the  north  of 
Minneapolis,  where  the  overlying  rocks  are  removed  and  the  St. 
Peter  itself  thinned  by  erosion,  it  yields  water  at  varying  depths, 
pumped  by  windmills  for  the  use  of  the  farm  and  the  truck  garden. 
The  last  of  the  Ordovician  series  in  this  partof  the  State  is  the  Trenton- 
Galena  limestone.  This  has  been  so  eroded  by  glacial  wear  that  in 
places  it  is  not  more  than  10  or  15  feet  in  thickness,  but  elsewhere, 
where  protected  from  erosion,  it  attains  a  thickness  of  200  or  300  feet. 
This  rock  contains  no  water,  but  when  present  serves  as  an  effective 
cap  in  conj&ning  the  waters  of  the  underlying  formations. 

CretaceoxLS, — Less  is  known  of  the  Cretaceous  than  of  any^  series 
represented  in  the  State.  Accoixiing  to  the  records  of  wells,  Creta- 
ceous rocks  come  in  from  the  Dakotas,  where  well-defined  Cretaceous 
beds  occur,  and  stretch  over  the  divide  of  crystalline  rocks  and,  in 
probably  continuous  beds  of  sandstones  and  shales,  reach  more  than 
half  across  the  State.  Yet  many  portions  of  Minnesota,  even  in  its 
western  half,  show  no  evidence  of  the  existence  of  Cretaceous  rocks 
between  the  glacial  drift  and  the  underlying  pre-Cambrian  rocks. 
The  thickness  of  the  Cretaceous  varies  and  its  altitude  above  the  sea  is 
far  from  unifomi.  The  freedom  with  which  water  is  obtained  from 
this  formation  is  a  valuable  factor. 

Gldcial  d/rift. — This  deposit  is  a  remarkably  persistent  covering  for 
all  the  older  formations.  In  southeastern  Minnesota  for  a  few  thou- 
sand square  miles  it  is  absent.  Here  the  pre-Paleozoic  rocks  stand  out 
at  the  surface  as  the  prominent  bed  rock  of  the  region.  This  area, 
named  the  driftless  area  b}^  Chamberlin  and  Salisbury,  is  a  part  of 
the  physiographic  region  embracing  southwestern  Wisconsin,  north- 
western Illinois,  and  northeastern  Iowa.  The  glacial  drift  nearly 
everywhere  carries  water,  the  places  where  a  sufficient  supply  can  not 
be  found  being  very  few  indeed.  In  thickness  the  deposits  vary  from 
0  to  300  feet.  Mr.  Upham  thinks  that  in  the  western  half  of  the  State 
they  can  not  average  more  than  75  feet  and  in  the  eastern  half  they  are 
50  feet  thick  out^iide  the  so-called  ''driftless  area"  of  the  south- 
eastern corner.  The  glacial  drift  affords  waters  through  three  distinct 
methods — artesian  wells,  shallow  wells,  and  springs. 

ARTESIAN   BASINS. 

The  artesian  basins  of  Minnesota  may  be  briefly  described  as  the 
(1)  Southeastern  artesian  basin,  (2)  Red  River  Valley  basin,  and  (3) 
small  local  basins. 

Southeastey'ii  arteaiaii  hasin. — This  basin  is  within  the  area  of  the 
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pro-Pttleozoic  rtH*ks.  Earh  one  of  the  seveml  sandjstones  in  the  series 
will  yield  water  wherever  it  is  present  under  the  necessary  conditions. 
The  pre-Paleozoic  rocks  are  in  the  form  of  a  great  arch  or  dome,  the 
crest  of  which  seems  to  lie  in  Rice,  Goodhue,  and  Dakota  counties. 
From  this  dome  the  Trenton  limestone  is  worn  away  and  the  St. 
Peter  sandstone  has  been  subjected  to  erosion  almost  sufficient  to  sever 
its  southern  from  its  northern  area.     The  lowermost  of  the  sandstone 
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Fig  35.— ArteMian  basins  of  Minnesota. 

series  in  this  region  seems  to  have  a  great  thickening  beneath  Minne- 
apolis and  St.  Paul.  A  well  sunk  in  Lakewood  Cemetery,  Minne- 
apolis (elevation  975  feet),  disclosed  granitic  rocks  2,150  feet  below 
the  surface.  Along  the  southern  border  of  the  Stiite  at  Winona, 
Brownsville,  and  also  La  Crosse,  Wis.,  granitic  rocks  were  struck 
at  about  525  feet  below  the  level  of  the  Mississippi,  where  the  surface 
altitude  was  625  feet.     Since  granitic  rocks  occur  at  St.  Cloud  at  1,200 
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feet  above   sea  level  the  basin-shaped  nature  of  the  bottom  of   this 
water-bearing  district  is  clearly  seen. 

The  Southeastern  artesian  basin  lies  within  the  portion  of  the  State 
first  settled.  The  population  within  this  region  is  comparatively  dense, 
being,  it  is  estimated,  about  100  per  square  mile.  Several  towns  and 
many  farmers  get  their  principal  water  supply  from  artesian  source*. 
It  is  estimated  that  250  wells  are  now  furnishing  water  within  this  area. 

Red  River  Valley  hasin, — In  Red  River  Valley  all  three  of  the 
great  water-bearing  series  are  drawn  upon  for  artesian  supplies.  Com- 
paratively few  wells  have  been  sunk  to  the  Paleozoic  rocks  of  northwest- 
ern Minnesota,  but  these  few  show  that  the  Cambrian  andOrdovician  are 
water  bearing.  With  exactly  what  formation  in  southeastern  Minne- 
sota Red  River  Valley  sandstones  can  be  correlated  is  impossible  to 
determine  with  the  data  now  available.  The  water  is  of  fair  quality, 
abundant  quantity,  and  apparently  permanent  supply^.  The  Hum- 
boldt well,  the  deep  well  at  Moorhead,  and  a  few  others  show  the 
nature  of  the  rocks  and  the  quality  of  the  water. 

The  second  water-bearing  beds  are  the  Cretaceous  sandstones. 
These  are  much  more  strongly  developed  in  the  southern  end  of  the 
district  than  toward  the  north,  and  they  show  a  very  apparent  tendency 
to  thin  out  in  passing  eastward  from  the  Red  River  and  the  Bois 
des  Sioux  River,  which  form  the  boundary  between  the  Dakotas 
and  Minnesota,  toward  the  eastern  border  of  the  Red  River  basin. 
Indeed  it  is  thought  by  some  that  the  Dakota  sandstone,  the 
the  remarkable  water-bearing  stratum  of  the  James  River  basin, 
thins  out  and  disappears  before  the  Red  River  Valley  is  reached. 
Whatever  the  case,  the  sandstones  which  yield  the  water  are  uneven 
in  texture,  and  of  varying  thickness  and  mineral  composition.  The 
number  of  wells  within  Red  River  basin  in  Minnesota  drawing  water 
from  the  Cretaceous  sandstones  is  large.  Mr.  Warren  Upham  esti- 
mates" that  hundreds  exist.  Nearly  every  large  farm  in  the  valley  has 
a  deep,  or  artesian,  well  to  supply  farm  buildings,  gardens,  and  pas- 
tures. The  surface  water  and  the  shallow  well  wat^r  are  in  manv 
places  so  alkaline  and  so  disagreeable  tJo  the  taste  that  they  can  not  be 
used  successfullv. 

The  third  source  of  artesian  waters  is  in  the  deeper  layers  of  the 
glacial  drift.  Within  the  great  plain  of  Red  River  Valley  wells 
in  the  drift  vary  from  50  to  150  feet  in  depth,  but  in  the  moranic 
regions  to  the  east  of  Lake  Agassiz  Plain  a  greater  depth  is  fre- 
quently attained.  The  water  from  these  wells  is  wholesome  and  is 
very  generally  utilized. 

aThe  Glucial  Ltike  Agassiz:  Moii.  U.  S.  Geol.  Sun'ey,  vol.  25, 1895,  p.  623. 
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SHALLOW   WELLS. 

By  shallow  wells  is  nioant  those  wells  from  10  to  100  feet  in  depth, 
sunk  chiefly  for  domestic  water  supply.  They  are  in  general  use 
among  the  farmers,  and  in  the  newer  towns  and  villages  there  are  large 
numbers  of  them.  In  older  conmmnities  they  are  gradually  being  dis- 
j)laced  by  deep  borings  or,  where  conditions  are  favorable,  by  a  supply 
from  lakes  or  streams  of  recognized  purity.  Save  in  southeastern  Min- 
nesota these  wells  are  almost  invariably  within  the  glacial  drift.  The 
water  level  in  the  drift  follows  so  closely  the  general  contour  of  the 
surface  that  there  are  few  wells  which  do  not  yield  a  sufficient  supply 
of  wholesome  water  within  shallow  depths. 

In  the  southeastern  corner,  within  the  so-called  driftless  area,  shal- 
low wells  reach  into  the  residual  material  derived  from  the  alteration 
of  the  Paleozoic  fonnations  which  occur  in  this  portion  of  the  State. 
The  waters  here  are  hard,  but  as  a  rule  clear  and  wholesome.  The 
water  level  is  steadily  sinking,  so  that  farmers  and  others  utilizing  this 
sup[)lv  are  obliged  to  Iwre  their  wells  deeper  than  formerly.  Old 
wells  nuist  be  deepened,  and  even  then  their  supply  is  less  than  in 
former  years.  It  is  the  general  impression  that  the  large  demands 
for  water  from  underground  supplies  exceed  the  inflow  from  the  sur- 
nmnding  catchment  areas,  and  thereby  the  diminution  in  quantity 
J)ecomes  a  question  of  serious  concern. 

SPRINGS. 

While  springs  occur  throughout  the  State,  there  are  certain  struc- 
tural conditions  which  locally  prevent  their  formation.  These  are  the 
stretches  of  modified  drift  and  the  glacial  lake  bottoms  extended  be- 
tween the  morainic  belts  characteristic  of  the  topography  of  the  State. 
There  are  not  less  than  twelve  of  these  moraines  in  the  State.  These 
l)elts  of  gravelly  ridges  and  mounds  are  the  source  of  supply  of  whole- 
some yet,  in  most  areas,  hard  spring  water. 

There  is  no  especial  mode  of  occurrence  noticeable  in  the  distribu- 
tion of  springs.  Their  place  of  appearance  depends  upon  the  arrange- 
ment of  the  drift  mate.rial  through  which  or  under  which  the  water 
makes  its  way,  beds  of  clay  of  greater  or  less  extent  being  usually  the 
determining  factor.  In  the  northeast  portion  of  the  State  the  condi- 
tions of  oc^currence  are  (juite  simple,  since  the  waters  gathered  in  the 
shallow  glacial  drift  make  their  way  out  through  the  hollows  worn  by 
^laciation.  In  southeastern  Minnesota  springs  occur  along  the  river 
valleys  and  represent  the  completion  of  the  underground  circulation 
through  the  pre-Paleozoic  rocks.  The  conditions  of  occurrence  are 
determined  by  the  depth  of  the  river  valley  and  the  (composition  and 
texture  of  the  rocks  through  which  or  between  which  the  waters  flow. 
iRR  114—05 16 
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The  spring  water  of  northeastern  Minnesota  seems  to  be  softer  than 
any  other  water  in  the  State.  Waters  in  southeastern  Minnesota  arc, 
with  scarcely  an  exception,  hard.  In  the  western  part  of  the  State 
the  underground  circulation  is  comparatively  sluggish  throughout  the 
extent  of  the  level  tracts  of  glacial  drift,  which  here  carries  a  large 
proportion  of  fragments  from  calcareous  shales  and  Mesozoic  lime- 
stones. There  are  many  alkaline  springs  as  well  as  alkaline  well>, 
and  hardness  is  a  universal  characteristic  of  the  water  in  this  part  of 
the  State. 

The  following  springs  reported  sales  of  water  in  1902:^ 

Highland  Spring,  St.  Paul,  Ramsey  CJounty. 

Indian  Medical  Spring,  Elk  River,  Sherburne  County. 

Inglewood  and  Glenwood  Springs,  Minneapolis,  Hennepin  County. 

Mankato  Mineral  Springs,  near  Mankato,  Blue  Earth  County. 

Trio  Siloain  Springs,  Austin,  Mower  County. 

The  number  of  gallons  sold  is  given  as  2,217,000.  The  value  wa.^ 
*415,140. 

PRINCIPAL  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 
32,  pp.  158-159. 

Preliminary  list  of  deep  Iwrings  in  the  Unite<i  States,  pt.  1,  by  N.  H.  Darton:  Water- 
Supply  and  Irrig.  Paper  U.  S.  (leol.  Survey  No.  57,  pp.  55-57. 

Minnepota  [well  records],  by  C.  W.  Hall  and  J.  E.  Todd:  Water-Supply  and  Irrijr. 
Paper  U.  8.  (tooI.  Survey  No.  102,  pp.  441-488. 

a  Peale,  A.  C.  Mineral  Ketiources  U.  8.  for  1902,  U.  S.  Ueol.  Survey,  1904,  p.  996. 
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liOCATION  AND  TOPOGUAPHY. 

Area  Indwhd. — The  Wisconsin  district  lies  between  Lake  Superior 
and  Lake  Mii-bifran,  extending  southward  approximately  to  the  par- 
allel 41'^  30'.  and  comprising  all  of  the  Htute  of  Wisconain,  the  North- 
ern Peninsula  of  Michigan,  and  that  portion  of  Illinois  north  of  the 
Carboniferous  deposits. 

TojHMjraphy. — In  general  the  ai-ea  is  a  broad  plain,  dipping  toward 
the  south.  Portions  of  the  area  are  rugged  and  rocky  and  broken 
)iv  hills,  which  in  the  western  part  of  Michigan  rise  to  a  height 
of  2,000  feet.  North  of  a  central  elevation,  which  i-anges  lietwcon 
1,500  and  2,000  feet,  the  remnants  of  a  mass  uplifted  in  earlj'  geologic 
times,  there  is  au  abrupt  dectivit}'  which  reaches  to  within  a  few  milcij 
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of  the  shore  of  Lake  Sui>erior,  622  feet  above  sea  level.  Across  the 
entire  northern  portion  of  the  area  the  divide  is  generally  close  to 
Lake  Superior.  It  is  lowest  in  the  eastern  half,  where  the  Paleozoic 
rocks  form  the  ciest.  South  of  the  central  elevation  is  a  long  slope, 
which  in  the  southern  part  of  the  area  is  approximately  500  feet  above 
-sea  level.  ' 

The  central  upheaval,  together  with  two  minor  transverse  swelLs, 
determined  the  chief  dniinage  systems  of  the  area  and  in  a  general  way 
govern  the  circulation  of  the  underground  waters. 

Among  the  minor  topographic  features  are  tiie  elevations  due  to  the 
Baraboo  and  Wausau  quartzites,  the  Penokee-tiogebic  and  Marquette 
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iron  ranges  in  Michigan,  and  the  sawtooth  ridges  of  Kcweenawan  rock 
in  the  northwestern  part  of  the  district,  all  of  which  have  affected  the 
drainage  and  underground  circulation.  Extending  from  Green  Bay, 
Wis.,  diagonally  across  the  area  to  Rock  Island,  111.,  is  a  valley  exca- 
vated in  the  soft,  easily  eroded  Cincinnati  shale.  Its  eastern  boundary 
is  a  steep  slope,  composed  of  the  resistant  Niagara  limestone.  This 
valley  is  one  of  the  most  important  of  the  district,  many  flowing  wells 
being  found  within  its  borders.  North  of  Green  Bay  the  rivers, 
for  the  most  part,  cut  directly  across  the  underlying  shale,  but  well 
borings  show  that  the  drift  here  is  much  deeper  than  over  the  Niagara 
limestone  to  the  east,  indicating  the  continuation  of  the  ancient  valle^^. 

GEOIiOGY. 

Pre'Camhrkin  rock^. — The  elevated  central  region  of  Wisconsin  con- 
sists of  pre-Cambrian  granites,  syenites,  and  schists,  all  having  a  very 
low  crystalline  texture  and  porosity. 

North  of  the  crystalline  area  are  the  Huronian  deposits  which  form 
the  Penokee-Gogebic  iron  range  with  its  steep  dip  to  the  north,  while 
on  the  northeast  is  the  trough  of  the  Marquette  iron  range.  Rocks  of 
the  same  age  lie  on  the  east,  southeast,  and  on  the  southwest  of  the 
pre-Cambrian  elevation,  while  small  isolated  outliers  are  found  scat- 
tered over  south-central  Wisconsin. 

The  Keweenawan  series,  which  overlies  the  Huronian,  is  confined  to 
the  northwestern  portion  of  the  area  lying  north  of  the  Huronian  of 
the  Penokee-Gogebic  iron  range.  The  Keweenawan  series  extends 
from  the  most  northern  point  of  Keweenawan  Point  in  a  southwesterly 
direction  across  the  district  to  St.  Croix  Falls,  where  it  passes  into 
Minnesota.  The  rocks  lie  in  a  synclinal  trough  whose  axis  bears 
northeast  and  southwest.  In  the  northern  half  of  the  formation  only 
the  eastern  portion  of  the  trough  remains,  while  the  western  portion 
probably  lies  beneath  the  surface  of  Lake  Superior.  The  rocks  con- 
sist of  basic  and  acidic  lavas,  conglomerates,  and  sandstones,  three- 
fourths  of  which  are  igneous.  The  closing  of  the  Keweenawan  age 
also  marks  the  end  of  volcanic  activity  within  the  area. 

Potsdam  sanchUme, — Nearly  surrounding  these  pre-Cambrian  rocks, 
which  carrv  verv  little  water,  is  the  Potsdam  sandstone,  which  rests 
unconformably  and  horizontally  upon  the  former.  North  of  the  crys- 
talline rocks  is  a  belt  of  sandstone  of  var3'^ing  width  bordering  Lake 
Superior. 

On  the  south  the  same  formation  extends  in  a  crescent  around  the 
crystalline  area,  with  its  northeast  prong  joining  the  Lake  Superior 
belt  near  Marquette,  Mich.,  and  its  northwestern  prong  passing  into 
Minnesota  near  St.  Croix  Falls,  Wis. 

The  sandstone  adjacent  to  Lake  Superior  in  the  western  half  of  the 
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urea  is  of  a  red  and  brown  color,  well  cemented  and  firm.  Eastward 
the  color  becomes  lighter  and  the  eastern  portion  as  well  as  that  on  the 
south  is  white  or  yellow,  poorly  cemented  and  unconsolidated,  often 
crumbling  in  the  hand,  while  in  some  cases  it  is  so  hard  that  it  might 
pass  for  a  quartzite.  The  formation  consists  of  fine  calcareous  sand, 
coarse  siliceous  sand,  shales,  marls,  and  layers  of  sand  highly  impreg- 
nated with  iron  oxide,  thereby  causing  the  water  from  some  of  the 


Fig.  37.— Wisconsin  ouU'rop  of  Potsdam  and  St.  Peter  sandstones. 

horizons  to  flow  forth  a  blood  red.  The  rock  is  very  porous.  Its 
grains  are  angular,  and  in  some  of  the  lower  layers  as  coarse  as  No.  4 
shot.  The  sandstone  underlies  the  entire  area  to  the  east  and  south, 
dipping  east,  south,  and  west  on  the  sides  of  the  central  elevation. 
Its  thickness  varies  from  nothing  along  the  crystalline  margin  to  1,48S 
feet  at  Rockford,  111.  At  Streator,  111.,  it  has  a  total  thickness  of  more 
than  1,737  feet,  showing  a  rapid  increase  toward  the  south. 
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Ijnnev  MagneHian  Umestmie. — Fringing  the  Potsdam  sandstone  on 
the  south  from  the  eastern  part  of  Michigan  to  St.  Croix  River,  in  Polk 
County,  Wis.,  is  a  narrow  belt  of  Lower  Magnesian  limestone,  var3'ing 
in  thickness  from  50  to  200  feet.  Along  St.  Croix  and  Miasissippi 
rivers  it  caps  many  of  the  sandstone  ridges.  It  is  a  dolomite,  with 
considerable  quantities  of  chert,  crystalline  quartz,  and  quailzose  sand 
scattered  through  it  near  the  middle  of  the  formation. 

St,  Petei'  sandstone, — The  St.  Peter  sandstone,  which  overlies  the 
Lower  Magnesian  limestone,  consists  of  a  soft  incoherent  rock,  of 
large  well-rounded  grains  of  quartz  var3^ing  in  color  from  white 
through  yellow,  pink,  to  a  deep  red.  The  formation  is  mapped  in 
Michigan  with  the  Lower  Magnesian  limestone  and  follows  the  eastern 
margin  of  that  formation  southward  to  the  Illinois  boundary,  thence 
up  the  Mississippi  to  Vernon  County,  where  it  is  all  eroded.  It  reap- 
pears in  Pierce  and  St.  Croix  counties.  Isolated  portions  are  also 
found  farther  south  in  Illinois,  where  erosion  once  more  has  brought 
it  to  the  surface.  The  northern  half  of  the  eastern  margin  i^  consid- 
erably thinner,  often  being  pinched  out  entirely,  as  shown  by  well 
records.  The  formation  has  a  thickness  varying  from  0  to  250  feet  in 
portions  of  Illinois. 

Gale7i(i' Trenton  limestone, — The  Galena-Trenton  limestone  occupies 
a  large  surficial  area  extending  from  eastern  Michigan  southwe^^t 
ac^ross  the  country  to  the  Mississippi  River,  in  Crawford  County,  Wis.. 
and  as  far  south  as  the  southern  boundarv  of  the  district.  Small  iso- 
lated  patches  are  found  capping  the  highest  hills  in  Pierce  and  St. 
Croix  counties  in  west-central  Wisconsin. 

The  upper  portion  is  a  dolomite  while  the  lower  is  more  of  a  lime- 
stone. The  various  beds  of  this  formation  are  often  separated  by 
shale.  The  rock  contains  many  cracks  and  fissures  which  are  partly 
filled  with  calcite,  pyrite,  marcasite,  galena,  and  sphalerite.  The  com- 
bined thickness  of  the  Galena-Trenton  varies  from  200  to  350  feet. 

Cincinnati  nhale. — Overlying  the  Galena  limestone  is  a  formation 
composed  largely  of  bluish  to  greenish  shale  with  occasional  thin 
bands  of  limestone.  This  shallow  sea  deposit  is  known  as  the  Cincin- 
nati shale  and  is  one  of  the  most  impervious  strata  of  the  area. 
These  soft  shales  are  easily  eroded  and  seldom  exposed.  They  out- 
crop in  a  narrow  belt  seldom  more  than  a  few  miles  in  width  and  close 
under  the  protecting  Niagara  limestone,  extending  from  eastern  Mich- 
igan southwestward  to  Rock  Island,  111.,  forming  for  the  most  part 
the  Green  Bay  and  Rock  River  basins.  Another  prong  extends  south- 
east from  Lee  County,  111.,  around  the  Carboniferous  deposits  to  the 
southern  boundarv  of  Ford  Countv.  A  small  area  is  found  also  in 
northwestern  Illinois,  along  the  Mississippi  River.  The  thickness  of 
the  formation  ma>'  be  placed  between  150  and  450  feet. 

Nlagarr.  lliHcsUttw. — East  of  the  Cincinnati  shale  occurs  the  Niagara 


scHVLTz.)  WISCONSIN    DISTRICT.  237 

limestone,  which,  in  a  few  places,  is  separated  from  the  shale  by  the 
Clinton  iron-ore  deposits.  The  Nia^^m  deposit  varies  in  thickness 
from  450  to  SIX)  feet  and  extends  from  the  eastern  point  of  Michi^*in 
around  the  lake  on  its  western  shore,  passing  into  Indiana  southea^st 
of  Chicago.  A  small  area  is  also  found  along  the  Mississippi  Riv^er 
north  of  Rock  River,  capping  many  of  the  mounds  in  southwestern 
Wisconsin.  The  formation  has  a  large  surficial  extent  in  the  eastern 
part  of  the  area.  It  is  composed  largely  of  calcium  and  magnesium 
carbonates  and  contains  a  large  number  of  flints.  Some  portions  are 
bard  and  cherty,  while  others  are  inclined  to  be  sandy. 

Later  rocJcn. — Later  deposits  of  rock  within  the  area  are  of  minor 
importance  and  occur  over  very  small  areas.  In  Milwaukee  and  Ozau- 
kee counties  in  Wisconsin  occur  small  deposits  of  the  Lower  Helder})erg 
limestone,  while  in  Milwaukee  and  St  Ignace,  Mich.,  and  south  of 
Rock  Island,  111.,  occur  remnants  of  a  more  extensive  Devonian 
deposit. 

Drift. — The  entire  area  was  overridden  by  glaciers,  except  a  small 
part  along  Mississippi  River,  extending  from  Alma,  Wis.,  eastward 
to  Grand  Rapids,  thence  southward  until  it  crosses  the  Mississippi 
again  near  Savanna,  111.,  passing  into  Iowa.  The  ice  sheet  left  a 
heterogeneous  deposit  of  clay,  sand,  bowlders,  etc.,  of  varying  thick- 
ness, burying  and  modifying  the  minor  topographic  features,  and 
governing  to  a  large  extent  the  drainage  and  the  occurrence  of  surface 
water  throughout  the  greater  portion  of  the  area. 

LttciiMHne  d^^^its.  — Along  the  borders  of  Lakes  Michigan  and  Supe- 
rior are  lacustrine  deposits  composed  of  alternating  layers  of  red  clay 
and  beach  sand.  These  deposits  oflfer  one  of  the  cheapest  and  most 
satisfactor}"  means  of  obtaining  water  for  both  fami  and  city  purposes. 

WATER  SUPPI^IES. 

From  the  foregoing  brief  description  of  the  topography,  drainage, 
and  geology  of  the  district  it  may  readily  be  understood  that  the 
source  of  water  supply  for  the  crystalline  region,  with  the  exception 
of  some  of  the  sandstone  of  the  Keweenawan  epoch  and  the  softer 
horizons  of  the  Huronian,is  restricted  chiefly  to  the  overlying  bed  of 
drift.  This  area  as  a  whole  has  a  very  poorly  developed  drainage. 
The  water  table  in  most  cases  lies  near  the  surface.  Deep  wells  are 
seldom  needed  in  this  sparsely  settled  region.  Cool,  soft,  and  com- 
paratively pure  water  may  easily  be  obtained  from  the  numerous 
springs,  small  streams,  ponds,  rivers,  and  lakes.  Considerable  diffi- 
culty, however,  has  been  experienced  in  various  places  where  a  large 
quantity  of  water  was  required  some  distance  from  a  lake  or  river;  in 
such  places  the  water-supply  problenj  will  take  on  a  more  and  more 
serious  aspect  as  the  country  becomes  morie  thickly  settled. 

Potsdam  HandsUme. — ^The  greatest  of  the  rock  water  horizons  of  the 
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area,  and  the  one  that  iiniversall}'  furnLslie.>  a  large  supph^  of  water, 
is  the  Potsdam  sandstone,  which  nearly  surrounds  the  crvstalline 
rocks.  To  the  south  and  east-this  formation  is  the  great  source  of  th»^ 
artesian  waters  found  scattered  over  the  district.  On  the  north  a  few 
records  show  that  waters  from  its  beds  rise  considerably  above  the  levrl 
of  Lake  Superior.  The  impervious  inter})edded  shales  of  this  forma- 
tion furnish  ideal  conditions  for  a  good  artesian  supply  at  many  phioe> 
within  the  outcrop  area  itself.  The  shales,  though  not  ever3'wheri' 
present,  often  give  rise  to  several  separate  horizons  of  water-l)earin*: 
rock.  Wells  of  this  nature  may  be  found  at  Sparta,  Whitehall,  Dumnd. 
and  numerous  other  places  in  Wisconsin.  Although  the  water  from 
this  formation  does  not  reach  the  surface  in  many  places,  owing  to  th** 
topograph}^,  it  is  always  abundant,  and  may  be  depended  upon  as  a 
supply  for  city  purposes.  On  account  of  the  advanced  erosion  and 
deep-cut  valleys  the  entire  Potsdam  area  west  of  Cireen  Bay  and  north 
of  Wisconsin  River  does  not  obtain  any  artesian  water  from  bevond  it> 
own  limits.  Although  water  is  abundant  everywhere  the  artesian  flows 
of  this  area  are  confined  to  the  Mississippi  Valley  and  its  deeply  eroded 
tributaries — St.  Croix,  Chippewa,  Trempealeiiu,  La  Crosse,  Wisconsin. 
Kickapoo,  and  Baraboo  rivers — while  on  the  east  this  artesian  basin 
extends  to  Lake  Michigan,  and  on  the  south  it  passes  under  the  Car- 
boniferous deposits.  Whether  artesian  flows  may  be  obtained  depends 
largely  upon  the  elevation  above  sea  level. 

Lower  MagneHian  limestone. — Along  the  eastern  margin  several  water 
horizons  are  found  above  the  Potsdam  sandstone.  Usually  a  sufficitMit 
supply  for  domestic  use  is  obtained  from  the  Lower  Magnesian  lime- 
stone, 60  to  100  feet  from  its  top.  In  a  few  places  this  formation 
gives  rise  to  flowing  wells,  which  in  some  cases  are  caused  by  water 
from  the  Potsdam  sandstone  filling  the  cracks  and  fissures  of  the  Lower 
Magnesian. 

St.  Peter  sandxtone.  — The  second  greatest  water  horizon  of  the  area 
is  the  St.  Peter  sandstone.  Although  of  much  le'^s  importance  than 
the  Potsdam,  it  furnishes  an  abundant  supph'  of  goo<l  water  in  the 
eastern  and  southeastern  portions  of  the  district.  Northward  it 
becomes  of  less  importiince,  as  it  thins  out  and  in  many  places  pinches 
out  entirely.  In  the  southwestern  part  of  the  district  artesian  wells 
have  generally  not  been  obtained,  as  the  rivers  cut  through  well  into 
this  formation.  However,  in  these  parts  the  St.  Peter  sandstone 
always  gives  an  abundant  supply  of  water  for  domestic  uses. 

(hilena-Trenton  Umeiitonr. — ^The  Galena-Trenton  limestone,  like  the 
Lower  Magnesian  limestone,  yields,  in  most  cases,  sufficient  water  for 
domestic  use.  It  is  seldom  necessary  to  sink  the  wells  more  than  1<mi 
or  150  feet,  and  in  some  cases  a  sufficient  supply  for  small  cities  has 
been  obtained  at  75  feet.  In  some  loc;iliti(»-5,  notably  north  of  (Jreen 
Bay,  this  formition  gives  rise   to  flowing  wells.      h\  some  cases  it 
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appears  that  the*  water  of  this  formation  is  obtained  from  the  under- 
lying St.  Peter  sandstone,  the  overhang  Niagara  limestone,  etc. 

Xiagara  liitustfme, — The  Niagara  limestone,  although  hard,  compact, 
and  in  places  highly  impervious,  furnishes  a  copious  supply.  Water 
is  usually  obtained  from  fissures,  joint  planes,  or  crevices  at  a  depth 
considerably  less  than  200  feet.  The  formation  furnishes  requisite 
artesian  conditions,  and  in  a  great  many  instances,  particularly  along 
the  eastern  half  of  its  extent,  between  Manitowoc  and  Milwaukee, 
many  fine  flows  are  obttiined. 

Along  the  eastern  margin  of  the  district  the  arte^sian  flows  are  con- 
iined  to  the  vicinity  of  Lake  Michigan  and  to  a  strip  on  each  side  of 
all  the  valleys.  In  the  (Jreen  Bay  and  Rock  River  basins  are  many  of 
the  flowing  wells  of  the  interior.  The  rapid  weathering  of  the  imper- 
vious Cincinnati  shale  has  reduced  this  part  of  the  area  to  such  a  level 
that  artesian  waters  might  rise  to  the  surface. 

Lake  depositH, — Besides  these  deeper-seated  waters  and  the  waters 
t'oming  from  the  lacustrine  deposits  along  the  shores  of  Lake 
Alichigan  and  Lake  Superior,  the  area  is  well  supplied  with  shallow 
underground  waters,  commonly  known  as  surface  water.  Surface 
wells  are  found  by  the  score  all  over  the  drift  area  and  vary  in 
depths  from  10  to  80  feet,  and  in  some  case,  as  along  the  Kettle  Range 
in  eastern  Wisconsin,  reach  a  depth  of  300  to  400  feet.  Many  of 
these  wells  are  not  free  from  contamination,  and  during  the  last  few 
years  many  have  goi\e  diy.  In  1903,  however,  nearly  all  the  wells  for- 
merly dry  had  a  good  supply  of  water.  Along  some  of  the  larger 
streams  water  is  obtained  from  the  river-washed  sand  and  gravel  bv 
sinking  wells  from  10  to  40  feet.  Many  of  these  are  open  or  drive 
wells. 

SPRINGS. 

Along  both  sides  of  the  Ke/tle  moraine  glacial  drift  is  the  source  of 
many  fine  surface  springs  and  also  of  subterranean  springs  that  feed 
so  man}^  of  the  small  lakes.  Other  strong  springs  from  the  drift  are 
scattered  over  the  district.  In  the  northwestern  part  of  the  area  these 
strong  springs  flow  from  the  drift  overlying  the  trap  rock,  and  in 
many  cases  the  water  gushes  forth  in  a  small  stream  several  feet  wide 
and  over  a  foot  deep.  So  strong  are  some  of  tliese  that  they  have 
been  utilized  for  water  power,  as  at  St.  Croix  Falls,  where  a  35-horse- 
power  mill  is  openited  })v  the  water  from  a  spring.  Springs  have 
their  source  in  the  upper  surface  of  the  Cincinnati  shale  along  the 
east  ridge  of  the  Green  Bay  and  Rock  River  valleys  or  along  the  con- 
tact of  the  Niagara  limestone  and  the  Cincinnati  shale.  The  impervi- 
ous shale  stops  the  descending  waters  flowing  through  the  fissured 
Niagara  limestone,  and  it  escapes  at  the  first  opportunity,  pnxhicing 
innimierable  springs,  both  great  and  small,  along  the  entire  extent  of 
this  marked  and  important  contact.     Much  of  tlie  water  from  this 
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source  never  comes  to  the  surface  near  the  contact  but  flows  un(h»i- 
ground  through  the  sand  and  gravel  l)eneath  the  red  clay  and  gives 
rise  to  some  of  the  fountains  found  east  of  Fond  du  Lac.  The  other 
important  horizons  are  confined  chiefly  to  the  contact  of  the  Potsdjuii 
sandstone  and  Lower  Magnesian  limestone  and  to  the  contact  of  the 
Galena-Trenton  limestone  and  the  St.  Peter  sandstone.  In  many  c}l^> 
in  western  Wisconsin  springs  also  arise  from  various  horizons  of  the 
Potsdam  sandstone. 

MINERAL   WATERS. 

Along  the  eastern  margin  a  considerable  number  of  strong  springs 
flow  from  the  Niagara  limestone,  of  which  the  most  noted  are  the 
famous  Waukesha  Springs,  whose  waters  have  long  been  on  the  mar- 
ket. Although  considemble  water  is  being  bottled,  this  industry  is 
still  in  its  infancy  and  waiting  for  development.  At  present  there 
are  innumerable  springs  moderately  charged  with  mineral  matter  and 
well  adapted  for  certain  medical  uses,  whose  waters  have  never  been 
analyzed.  Most  of  the  springs  within  the  area  contain  a  small  amount 
of  mineral  matter  averaging  approximately  300  parts  per  1,0(H),0(M». 
Other  springs  of  a  much  higher  degree  of  purity  are  found,  one  con- 
taining onh^  a  little  over  two  grains  per  gallon,  three-fourths  of  which 
was  in  the  form  of  carbonates.  Most  of  the  springs  thus  far  have 
received  but  little  attention  outside  their  use  for  domestic  puriK>ses. 
In  some  cases  springs  have  been  and  are  being  used  for  public  water 
supplies,  as  at  Lancaster,  Wis.,  where  a  spring  with  a  daily  capacity 
of  2,160,000  gallons  furnishes  the  entire  city  with  wholesome  water. 
The  deeper  seated  waters  are  used  chiefly  for  cit}'  water  supply  and 
for  various  manufacturing  industries. 

In  a  few  cases  where  the  waters  have  rare  medical  properties,  as  at 
Sheboj^gan  and  Prairie  du  Chien,  AVis.,  the  waters  have  been  bottled 
and  placed  on  the  market  or  used  for  special  treatment  at  the  sanita- 
rium. The  amount  of  mineral  matter  contained  in  the  well  water  for 
the  most  part  is  comparativel}"  small,  in  some  cases  being  as  low  as  7 
grains  per  gallon  and  seldom  being  more  than  50  grains  per  gallon. 
However,  in  a  few  cases  the  amount  exceeds  600  grains  per  gallon, 
while  at  Osceola,  on  Silver  Brook  farm,  the  water  from  the  Potsdam 
sandstone  at  a  depth  of  50  feet  contained  a  total  of  993.9  gniins  per 
gallon,  made  up  as  follows:  NaCl,  320.58  grains;  CaCl,,  583. 1  grains; 
MgClg,  18.98  grains;  CaSO^,  62.20  grains;  iron  and  aluminum  oxides, 
2.97  grains,  and  silica,  6.07  grains.  Concerning  this  water,  which  ha> 
recently  been  analyzed,  J.  H.  Long  writes  as  follows: 

Til  is  water  is  a  very  unusual  and  pectiHar  one  because  of  the  presence  of  so  larye 
an  amount  of  caloiuni  chloride.  I  do  not  recall  any  mineral  spring  in  this  country 
which  res€'m hies  it  in  this  respect,  but  some  of  the  so-called  bitt*»r  springs  of  (ier- 
many  have  a  somewhat  analogous  nature.  The  water  is  too  highly  charged  with 
mineral  matters  to  he  used  in  quantity  as  a  medical  beverage,  but  in  spe<*ial  ca.'^-s 
and  for  a  limite<l  time  it  might  be  prolitably  used.     Su(^li  waters  are  often  used  for 
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liatlip;  in  fact,  that  in  their  main  application,  and  medical  men  conI<l  HUfC)?est  the 
t-aj^tn*  in  which  nuch  a  \vatt»r  as  thin  one  could  Ix*  ustni  projierly. 

There  18  no  doubt  that  in  the  future  these  various  fields  will  be 
greatly  extended  and  many  of  the  cities  now  without  a  system  of 
\N  atorworks  will  soon  draw  upon  the  underg^round  channels  for  their 
supply. 

A  list  of  the  springs  which  reported  sales  of  mineral  water  in  1902 
is  ^iven  helow:" 

AUouez  Ma^neRia  Springs,  Green  Bay,  Brown  County. 
Aurelian  Spring,  Palmyra  Springs,  Jefferson  County. 
Bay  City  Spring,  Ashland,  Ashland  County. 
Bethania  Mineral  Springs,  Osceola,  Polk  County. 
ChipiH^wa  Spring,  Chipi)ewa  Falls,  Chippewa  County. 
Darlington  Mineral  Spring,  Darlington,  Lafayette  County. 
Fort  Crawford  Springs,  Prairie  du  Chien,  Crawford  County. 
Lebens  Wasser  Mineral  Spring,  Green  Bay,  Brown  County. 
Nee-Ska-Ra  Mineral  Spring,  Wauwatosa,  Milwaukee  County. 
Rainhow  Mineral  Spring, Wautoma,  Waushara  County. 
Salvator  Mineral  Spring,  Green  Bay,  Brown  County. 
Sanitas  Fountain,  Oshkosh,  Winnebago  County. 
Shealtiel  Mineral  Spring,  Farmington,  Waupaca  County. 
Sheljoygan  Mineral  Spring,  Sheboygan,  Sheboygan  County. 
Silver  Sand  Spring,  'Milwaukee,  Milwaukee  County. 
Slauson  Mineral  Spring,  Racine,  Racine  County. 
Solon  Springs,  Upper  St.  Croix  Lake,  Douglas  County. 
St.  John  Mineral  Springs,  Green  Bay,  Brown  County. 
Waukesha  Springs,  Waukesha  County: 

AcDie  Spring. 

Almanaris  Springs. 

Anderson's  Waukesha  Spring. 

Arcadian  Spring 

Bethesda  Mineral  Spring. 

Fountain  Spring. 

flenk  Mineral  Spring. 

Hygeia  Spring  No.  2. 

Minniska  Mineral  Spring. 

Si  loam  Mineral  Spring. 

Silurian  Mineral  Spring. 

Sotarian  Spring. 

Waukesha  Imperial  Spring. 

Waukesha  Lithia  Spring. 

White  Rock  Mineral  Spring. 

The  reported  sales  reached  a  total  of  5,982,948  ijallons,  with  a  value 
of  $1,199,473. 
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LOWER  MTCHTCAN." 

TOPOGRAPHY. 

Lower  Michigan  is  mainly  a  rolling  area,  with  an  elevation  ranginj; 
generally  Ijetween  (500  and  1,000  feet  above  sea  level.  In  the  southen. 
half  of  the  peninsula  the  general  level  is  broken  liy  relatively  lt»w 
niorainal  ridges  left  b}'  the  glaciers  which  once  covered  the  region. 
In  the  northern  portion  of  the  State  the  niorainal  deposits  are  iiiucL 
more  pronounced,  occurring  as  prominent  northeast-southwest  ridge>. 
and  in  places  rising  to  heights  of  over  1,500  feet.  The  to|x>grapI)it 
features  are,  in  fact,  due  almost  entirely  in  most  areas  to  the  accu- 
mulation of  glacial  drift,  which  may  reach  a  thickness  of  800  feet  or 
more,  and  completely  buries  the  irregularities  of  the  underlying-  rock. 

GEOIiOGY. 

Leaving  out  of  account  the  glacial  drift  which  has  been  nientioncni 
al)ove,  and  considering  only  the  consolidated  rocks,  the  Ijower  Peninsula 
of  Michigan  is  structurally  a  great  oval  })asin,  toward  which  the  rc)ck> 
dip  from  all  sides.  The  geographic  center  is  in  Gratiot  County,  alK>ut  r><» 
miles  north  of  Lansing.  The  strata  are  mainly-  of  Carlwniferoiis  agr. 
but  a  rim  of  Dev'onian  rocks  extends  along  the  shores  of  Lakes  Mich- 
igan and  Huron  from  Mason  County,  on  Lake  Michigan,  to  AljHMm 
County,  on  Lake  Huron.  Small  areas  or  strips  of  Devonian  rocks 
occur  along  the  rim  of  the  coal  basin,  in  the  extreme  southe^Mern  and 
southwestern  portions  of  the  State.  A  few  dolomitic  and  other  1kh1> 
of  Silurian  age  also  occur  at  the  extreme  northern  tip  of  the  ])en in- 
sula and  along  the  shores  of  Lake  Erie  to  the  southeast. 

The  general  character  of  the  basin  and  the  outcrop  of  its  beds  is 
shown  ill  fig.  38,  while  fig.  39  shows  a  cross  section  of  the  ba.sin  from 
west  to  east. 

ITN^DERGROUXD  WATTCIl   SITPPIilES. 

SUPPLIES   OF   THE    DRIFT. 

EitRtei^n  nhore  diHrict. — This  district  embraces  the  eastward-slopinjr 
strip  lying  between  the  moraines  and  the  shores  of  Lakes  Huron,  St. 
C/lair,  and  Erie,  from  Saginaw  Bay  to  the  southern  limits  of  the  State. 

The  surface  deposits  of  the  region,  except  in  some  of  the  valleys 

'•('omnilcd  iniiiiily  from  re|M»rt  by  A.  C.Lane  on  Water  Ke.sonrces  of  the  Lower  IVnlnsiihiof  Miehi 
Ran,  Water-Supply  and  Irrigation  l*aper  V.  S.  (Jeol.  Survey  No.  30,  1.S99.     For  faet«  relatiuK  to  t lie 
rpper  reniuNula  <if  Miehigan,  nee  the  dcseription  of  the  Wi.st'on.sin  di.striel,  pp.  233 1<»  '1\\, 

242 


'  i-i.KB-l  LkWKB    HICHIUAN.  '243 

Hid  in  the  old  iH-iu-luts  iiloii^  the  lakes,  arc  |iroduiiiiiiaiitly  clay.  The 
;-lays  yield  iiu  water,  Imt  small  supplies,  whicli  »ro  lialtle  to  fail  in 
time.-i  of  drought,  are  found  in  pockets  of  ynivei  or  sand  in  the  clay, 
iiml  a  water-hearing  layer  eoinmonly  occurs  at  the  contact  of  the  drift 
with  the  uiidorlyiiiir  rock.     Near  the  momine  the  water  (waring  sands 


X 


_^i^ 


arc  more  numerous,  and  at  least  one  city,  Ypsilanti,  obtains  its  public 
supply  from  wells  in  the  drift.  Tho  waters  in  tlie  upper  part  of  the 
drift  are  of  good  quality,  but  in  the  lower  pai't  they  are  often  charged 
with  salt  and  other  minerals,  or  with  fras  derived  from  tlic  underlying 
rocks  from  which  the  waters  come.  Some  of  the  wells  flow.  In  the 
stream  and  other  gravels  and  sands  of  the  valleys  and  in  the  saudy 
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beachca  bordering  the  lakeis  good  watfir»  are  often  obtained  by  shallow 
wells,  but  the  wells  arc  liable  to  fail  in  especially  dry  sea-sotis. 

Saginaw  Viilley  dtxtr let. — This  difitriet  includes  the  dminajrc  \ya^\n 
of  Saginaw  River  and  portions  of  adjacent  regions.  The  surface  i- 
flat,  the  streams  generally  flowing  in  shallow  valleys.  It  is  coveroii 
with  clayey  drift  or  hardpan^  or  with  clays  deposited  in  a  glacial 
lake,  the  deposits  averaging  from  80  to  I'H)  feet.  Sand  ridges  occur 
near  the  lake. 

The  sand  ridges  carry  water  in  moderate  amount  and  subject  to 
contamination.  Sands  and  quicksands  within  the  clay  fre()ucritly 
yield  somewhat  hai-d  water,  which  may  even  flow.  The  wells  are  easily 
clogged.  Water  equally  good  and  with  a  greater  head  can  beobtaincd 
by  drilling  into  the  undorlj'ing  sandstones.     Some  of  the  drift  wp1I> 
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carry  calcium  sulphate  derived  from  gypsum  in  the  drift,  and  gas  i.-^ 
not  uncommon. 

Nortfieastenmhore  <Jl«trlct.--'^\v\!i  area  embi-accs  the  drainage  iiroa 
of  the  Thunder  Bay  River  and  a  few  small  streams  emptying  int«  the 
lake  in  its  vicinity.  To  the  southwest  lies  a  high  moraine  containing 
some  of  the  highest  land  in  the  State.  The  surface  consists  of  a  sories 
of  morainal  ridges  with  intervening  tracts  covered  by  sand.  Water 
can  be  obtained  from  this  sand,  though  it  frequently  lies  at  a  consid- 
erable depth.  Springs  emerge  where  the  day  layers  arc  cut  by 
streams.  Deep  wells  in  the  drift  find  sands  with  water,  which  will 
sometimes  rise  to  tlie  surface  from  t>encath  till  and  clays.  The  water 
is  quite  hard,  but  is  otherwise  generally  excellent.  It  is  hardly  suit- 
able for  use  in  lx)iler.s. 

Western  sh/rre  dl«tri<:i.—Thi>i  district  lies  along  the  northwest  and 
west  coast  of  the  peninsula,  and  extends  inland  far  enough  to  include 
a  portion  of  the  high  morainal  ridges.  The  surface  is  drift,  the  nxks 
frequently  lying  from  50<l  to  fiiH)  feet  IkjIow  the  surface.  The  drift  is 
generally  claj-ey,  but  contains  nuiny  beds  of  sand,  some  of  which  can 
be  reached  by  driven  wells.     Sometimes,  in  the  more  porous  drift,  wells 
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jiuist  bo  sunk  300  to  400  feet  to  obtain  water.  The  waters  are  seldom 
2<aline. 

N^urth-centr(d  dlstricL — This  area  includes  the  upper  portions  of  the 
drainage  basins  of  Manistee,  Muskegon,  and  Au  Sable  rivers  and  adja- 
cent areas.  The  surface  consists  mainly  of  sandy  drift,  yielding  water 
to  shallow  driven  wells.  In  the  few  deep  wells  that  have  been  sunk, 
the  thickness  of  the  drift  is  found  to  be  350  to  500  feet,  or  more. 

Siujlnaw  vuyraine  districL — This  area  includes  the  region  of  the 
Saginaw  moraines  in  the  central  part  of  the  State,  and  southwest  of  the 
Saginaw  Valley  district.  The  region  is  one  of  morainal  drift,  the 
deposits  being  generall}'^  from  100  to  500  feet  thick.  The  composition 
of  the  drift  is  very  variable,  and  man}'  water-bearing  sands  occur. 
The  underlying  rock  furnishes  a  reliable  source  of  water,  and  a  few 
wells  have  been  drilled  into  it.  Wells  some  times  flow  in  the  lower 
districts. 

South'ce7itr(d  dh<tr!ct, — This  district  includes  the  land  in  the  central 
portion  of  the  State  Ij'ing  south  of  the  Saginaw  district.  The  drift 
is  usuallv  thick.  The  water  conditions  are  nmch  the  same  as  in  the 
Saginaw  district. 

KOCK    WATERS. 

Trenton  linw^tone, — This  limestone  has  been  penetrated  at  Monroe, 
W\  andotte,  Dundee,  Blisstield,  and  Dowagiac.  It  yields  a  strong,  but 
impure  brine,  with  traces  of  oil  and  gas. 

HudiiOfi  and  JJtlca  shalea, — These  shales  have  been  penetrated  by 
a  few  wells  drilled  to  the  Trenton  limestone.  They  are  similar  to 
the  Coldwater  and  St.  Clair  shales. 

Xlagara  and  Clinton  linteatonci, — These  are  penetmted  only  in  south- 
eastern Monroe  County,  southwest  of  Kalamazoo  and  north  of  Frank- 
fort. Water  was  obtained  from  these  beds  at  Dundee  and  Britton,  but 
they  are  otherwise  undeveloped. 

Monroe  and  Salina  hed^f. — These  beds  are  mainlv  buflf  marls,  dolo- 
mites,  and  rock  salt,  but  at  the  top  there  is  a  persistent  sandy  bed 
yielding  much  water.  The  waters  are  mainly  brines,  but  fresh  water 
has  been  found  in  one  or  two  horizons  near  the  outcrop. 

fhuuhe  Ihiieatone. — This  is  a  light  limestone  full  of  flint  and  carries 
considerable  quantities  of  water  charged  with  salt,  h3^drogen  sulphide, 
and  other  minerals,  making  it  the  source  of  some  of  the  most  valuable 
mineral  water  of  the  State. 

Traverse  series, — This  series  consists  of  alternations  of  limestones  and 
shales  with  an  aggregate  thickness  of  500  feet  or  more.  In  the  north- 
ern part  of  the  State  the  series  yields  water  freely  in  some  cases,  and  even 
in  the  southern  part  water  is  obtained  from  several  of  the  limestones. 

Antr^hn  shales, — These  are  blue  to  black  shales  underlying  the  Berea 
grit.     They  3'ield  neither  fresh  water  nor  brines  in  any  amounts. 
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Btrea  shale  and  grit. — Below  the  Coldwater  shales  lies  about  130  feet 
of  black  or  chocolate  shales,  while  beneath  these  in  turn  is  about  r»0 
feet  of  white  to  brown  sandstone  yielding  at  any  considerable  depth 
pure  brines  with  some  gas. 

Coldwater  sJvales, — ^These  shales  are  generally  fine  grained,  mica- 
ceous, and  bluish.  They  carry  little  water,  but  small  amounts  are 
obtained  from  sandy  layers  in  a  few  wells. 

Lower  MarsJiall sandstone, — ^This  formation  is  about  260  feet  in  thick- 
ness and  consists  of  ferruginous,  sandstones,  flags^  etc.,  underlying  the 
Upper  Marshall  sandstone.     It  yields  good  water,  rather  chalj^beate. 

NapoUon  or  Upper  Marsliall  sandstmu\ — ^This  sandstone,  which  be- 
longs to  the  Carboniferous  system,  is  rarely  less  than  50  feet  thick,  and 
underlies  the  drift  in  a  broad  belt  extending  from  Saginaw  Bay  south- 
west to  the  southern  boundary  of  the  State  in  Hillsdale  Count}'.  It 
yields  copious  supplies  of  fresh  water  through  many  flowing  wells  that 
have  been  sunk  to  a  depth  of  about  250  feet  through  the  western  i>art 
of  Huron  County  to  Sebewaing.  Wells  sunk  to  greater  depths,  if  the 
rocks  of  the  Michigan  series  are  not  properly  cased  off,  yield  salt  water. 
Southwest  of  Lansing  and  Mason  the  water  is  generally  good. 

Michigan  seri^'S. — This  series  consists  of  shales,  hydraulic  limestoueti, 
and  gypsum  beds  immediately  overlying  the  Upper  Marshall  sandstone. 
The  waters  are  almost  universally  salt  or  bitter,  and  must  be  carefully 
cased  off  in  all  wells  going  to  a  deeper  horizon  for  fresh  waters.  This 
series  can  be  traced  beneath  the  drift  by  the  composition  of  the  water. 
Included  in  the  Michigan  series  is  the  Grand  Rapids  limestone. 

Parma  sandstone. — The  Parma  sandstone  unconformably  overlies 
the  Michigan  series  and  is  generally  separated  from  the  Marshall  by 
a  thin  bed  of  shales,  but  in  places  merges  with  it.  The  waters  of 
both  the  sandstone  and  limestone  are  generally  hard,  though  in  some 
cases  the\'  are  pure.     They  have  seldom  been  used  for  brines. 

Overlying  the  Parma  is  a  series  of  shales,  sandstones,  coal,  tine  clays, 
iron  ores,  etc.,  yielding  much  water  of  a  liighly  mineralized  chai-acter 
and  frequently  of  medicinal  vahie.  Wells  are  very  numerous  through- 
out the  region. 

MINKRAL   SPRINGS. 

The  following  28  springs  reix)rted  sales  in  1902,  amounting  tt) 
8,653,()yo  gallons,  with  a  value  of  $275,7t>3.« 

Alma-Bromo  Spring,  Alma,  (iratiot  County. 
Andrews  Magnetir  Mineral  Springs,  St.  Louis,  ( Jratiot  County. 
Broino-Hy^eia  Mineral  Well,  Coldwater,  Branch  County. 
Clementine  Sprinu:,  Mount  Clemens,  Maeomb  County. 
C-ooper  Farm  Sprinj;,  Birmingham,  Oakland  County. 
Eastman  Mineral  Springs,  Benton  Harbor,  Berrien  County. 
El  Cajon  Mineral  Springs,  El  Cajon  Beiich,  Alpena  County. 

<ipeale,  A.  C.  Mineral  Resources  T.  S.  for  1902,  U.  S.  Gwl.  Survey,  1904,  p.  996. 
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Frankfort  Springs,  Frankfort,  Benzie  Ck>unty. 

Magnetic  Mineral  Spring,  Spring  Lake,  Ottawa  County. 

Midland  Mineral  Springs,  Midland  City,  Midland  County. 

Moorman  Springs^  Ypsilanti,  Washtenaw  County. 

Mount  Clemens  Sprudel  Water,  Mount  Clemens,  Macomb  County. 

No-che-mo  Mineral  Spring,  Reed  City,  Osceola  County. 

Original  Mount  Clemens  Mineral  Spring,  Mount  Clemens;  Macomb  County. 

Pagoda  Spring,  Mount  Clemens,  Macomb  County. 

Plymouth  Rock  Well,  Plymouth,  Wayne  County. 

Ponce  de  Leon  Springs,  Paris  Township,  Kent  County. 

Premier  (formerly  Excelsior)  Mineral  Springs,  Benton  Harbor,  Berrien  County. 

Prosit  Flowing  Well,  Oak  Grove,  Flint,  Genesee  County. 

Red  Cross  Mineral  Well,  Big  Rapids,  Mecosta  County. 

Royal  Oak  Mineral  Springs,  Royal  Oak,  Oakland  County. 

Salutaris  Spring,  St.  Clair  Springs,  St.  Clair  County. 

Sanator,  formerly  Americanus  Well,  Lansing,  Ingham  County. 

Sterling  Spring,  Crystal  Falls,  Iron  County. 

Victory  Springs,  Mount  Clemens,  Macomb  County. 

Welcome  Island  Lithia  Springs,  near  Pontiac,  Oakland  County. 

Wurtzel's  Mineral  Spring,  Thomastown,  near  Frost,  Saginaw  County. 

2Sauber  Wasser  Springs,  Hudson,  Lenawee  County. 

PRrNCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No.  32, 

pp.  145-150. 
Water  resources  of  the  Lower  Peninsula  of  Michigan,  by  A.  C.  Lane:  Water-Supply 

and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  30,  1899. 
Lower  Michigan  mineral  waters,  by  A.  C.  Lane:  Water-Supply  and  Irrig.  Paper  U.  S. 

Geol.  Survey  No.  31,  1889. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  1,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  67,  pp.  51-54. 
Michigan  [well  records],  by  W.  F.  Cooper:   Water-Supply  and  Irrig.  Paper  U.  S. 

Geol.  Survey  No.  102,  pp.  489-512. 

IBB  114—05—17 


ILLINOIS. 


By  Frank  Leverett. 


INTRODUCTORY  STATEMENT. 

This  brief  discussion  of  water  conditions  in  Illinois  is  i-cstricted 
chiefly  to  the  relative  value  of  the  several  geologic  formations  a.s 
water-bearers.  Several  other  topics  relating  to  water  conditions, 
namely,  rainfall,  drainage  basins,  run-off  and  regimen  of  streams,  navi- 
gation,  water  power,  city,  village,  and  rural  water  supply,  artesian 
wells,  and  water  analyses  have  been  discussed  by  the  author  in  some 
detail  in  earlier  reports  of  this  Survey."  A  chemical  survey  of  the 
water  supplies  of  Illinois  is  the  topic  of  a  report  of  98  pages  by  Dr. 
A.  W.  Palmer,  issued  by  the  University  of  Illinois  in  1897,  and  a 
later  report  of  254  pages  b}'^  the  same  author  giving  the  results  of 
several  thousand  analyses  has  been  issued  by  the  University  within 
the  last  year. 

GEOIiOGIC  COIilTMN. 

The  rock  formations  either  exposed  or  within  reach  of  the  wells  of 
Illinois  extend  through  the  Paleozoic  series  from  the  Cambrian  to  the 
later  part  of  the  Carboniferous,  including  perhaps  the  Permian,  as 
indicated  in  the  table  on  page  249.  There  is  then  a  wide  gap,  the  next 
formation  being  the  Cretaceous,  which  has  been  found  to  underlie  the 
Ohio  River  at  Cairo,  but  is  not  known  to  be  exposed  in  the  State.*  On 
the  borders  of  the  Ohio  in  southern  Illinois  are  deposits  of  Tertiary 
age,  consisting  mainly  of  clay,  micaceous  sand,  and  a  ferruginous, 
pebbly  conglomerate.  These  deposits  are  probably  separated  from  the 
Cretaceous  by  an  interval  of  some  consequence,  and  are  known  to  be 
separated  from  the  next  later  formation  developed  in  Illinois,  the  Pleis- 
tocene, by  a  wide  interval.  In  the  table  on  page  249  the  several  drift 
sheets  of  the  Pleistocene  are  presented  because  these  divisions  of  the  drift 
are  of  importance  in  discussing  the  water  conditions.  They  should  not, 
however,  be  given  the  rank  of  the  divisions  in  the  Paleozoic  series. 
The  table  begins  with  the  newest  formation  and  extends  to  the  oldest, 

o  Water  resources  of  Illinois*  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  2, 1896,  pp.  695-849. 
Th«  Illinois  Glacial  lobe,  Mon.  U.  S.  Geol.  Survey,  vol.  38, 1899,  817  pp. 

bXickles,  J.  M.,  Report  of  Illinois  Board  of  World's  Fair  Commiasioners,  p.  217,  Springfield,  1895. 
H.  W.  Rokker,  State  printer. 
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this  being  the  order  in  which  they  are  met  by  the  drill.  The  extent  of 
the  several  formations  which  lie  beneath  the  Coal  Measures  has  not 
been  tested  by  a  sufficient  number  of  borings  to  peFmit  even  approxi- 
mate calculations.    The  figures  given  are  largely  conjectural. 

Geologic  column  of  UlinoiJi, 


Formation. 


Extent  in 
HUt«. 


Wisconsin  drift  sheet  (Pleistocene) 

lowan  drift  sheet  and  main  loess  deposit  (Pleistocene) 

lUinoian  drift  sheet  (Pleistocene) 

Kansan  drift  sheet  (Pleistocene) 

Pre-Kansan  drift  sheet? (Pleistocene) 

Tertiary  deposits  (perhaps  of  two  or  more  eix)ch8) 

Cretaceous  deposits 

Permian  beds? 

Upper  Coal  Measures  (Carboniferous) 

r^wer  Coal  Measures  (Carboniferous) 

Conglomerate  sandstone  (Carboniferous) 

Chester  group  (Carboniferous) 1 

St.  Louis  group  (Carboniferous) 

Keokuk  group  (Carboniferous) 

Augusta  or  Burlington  limestone  (Carboniferous) 

Kinderhook  group  (Carboniferous) 

Black  slate  (Devonian) 

Hamilton  limestone  (Devonian) 

Comiferous  limestone  ( Devonian) 

Oriskany  sandstone  (Devonian) 

Niagara  group  (Silurian) 

Hudson  River  group  (Ordovician) ±48, 000 

I 

Trenton  group  (Ordovician) '  ±55, 000 

St  Peter  sandstone  (Ordovician) ±55, 990 

Lower  Magnesian  limestone  (Cambrian) I  56, 000 

Potsdam  sandstone  (Cambrian) 50",  000 


Square  mUes, 

19,000 
045,000 

53,000 
±1,800 

? 
700 
±10 

? 

19,000 

36,000 
±30,000 
±15,000 
±30,000 
±30,000 
±30,000 
±30,000 
±35,000 
±35,000 

? 

? 
±45,000 


ThiclcncM. 


Pret, 
5-200 
5-60 
10-200 
±10-100 
? 
±10-100 
? 
? 
±10-700 
±10-1,000 
20-600 
10-800 
20-250 
100-200 
25-200 
50-330 
10-60 
10-120 
5-25 
.40-200 
70-400 
40-275 
45^50 
40-420 
±200-1,000 
±300-1,000 


a  The  loen  covered  all  of  IllInoiB  outside  the  lowan  drift,  but  waa  In  part  taken  up  by  the  Wisconsin 
ice  sheet. 

The  entire  thickness  of  the  Paleozoic  series  of  rocks  ranges  prob- 
ably from  a  little  more  than  2,000  to  possibly  6,(XH)  feet.  Two  borings 
just  outside  the  State  at  Burlington,  Iowa,  and  St.  Louis,  Mo.,  are 
reported  to  have  reached  pre-Cambrian  rocks  at  2,400  and  3,800  feet, 
respectively.  So  far  as  known  to  the  writer  no  wells  in  the  State 
have  reached  the  bottom  of  the  Paleozoic  system,  though  several  have 
been  sunk  to  depths  of  more  than  3,000  feet.     One  at  Aledo,  only  a 


\ 
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few  miles  from  the  Burlington  well,  terminated  in  Potsdam  sandstone 
at  a  depth  of  3,115  feet,  and  one  at  the  Jacksonville  waterworks  has  a 
depth  of  3,028  feet.  Probably  the  deepest  boring*  in  the  State  is  one 
at  St.  John,  Perry  County,  which  reached  a  depth  of  3,750  feet,  and 
may  not  have  entered  the  Potsdam  sandstone. 

PRINCIPAIi  WATER-BKARING  FORMATIONS. 

Potsdam  nandston^, — The  Potsdam  sandstone  is  bv  far  the  most 

ft/ 

capacious  water-bearing  formation  in  the  State.  It  is  a  porous  i-ock, 
and  as  it  is  very  thick  and  outcrops  over  a  large  area  in  Wisconsin, 
the  intake  is  sufficient  to  give  an  unlimited  supply  of  water  to  wells 
which  reach  this  formation  in  Illinois.  It  is,  however,  within  easy 
reach  of  wells  only  in  a  few  counties  in  the  northern  and  western  por- 
tions of  the  State.  In  the  northern  part  it  has  been  reached  by 
numerous  wells  as  far  south  as  Illinois  Kiver  and  is  probably  within 
reach  of  wells  in  the  p)ortion  of  the  State  west  of  the  south-flowing 
part  of  the  river.  On  the  north  }x)rder  of  the  State  the  water  is  suf- 
ficiently fresh  in  most  cases  to  be  suitable  for  drinking,  but  upon 
passing  southward  it  becomes  brackish  and  in  many  cases  unsuitable 
for  domestic  use. 

St,  Petf-i*  nand^tane. — Next  after  the  Potsdam  sandstone  should  lie 
mentioned  the  St.  Peter  sandstone,  which  is  the  source  of  supplj"  for 
a  large  number  of  artesian  wells  in  the  northern  and  western  parts  of 
the  State.  The  quality  of  water  obtained  from  it  is  usually  good,  and 
is  adequate  to  the  needs  of  the  smaller  cities  and  towns.  But  in  the 
larger  cities,  especially  in  Chicago,  it  can  scarcely  furnish  the  amount 
of  water  needed,  and  for  that  reason  many  wells  have  been  sunk  to  the 
Potsdam  formation.  The  porous  or  water-bearing  portion  of  the 
formation  varies  from  a  thickness  of  40  feet  up  to  150  feet  or  more. 

In  several  instances  wells  have  obtained  good  supplies  of  water  from 
the  sandstone  beds  which  appear  in  the  Lower  Magnesian  fonnation 
between  the  Potsdam  and  St.  Peter  sandstone.  It  is  found  that  this 
formation  is  made  up  more  largely  of  sandstone  beds  in  northern  Illi- 
nois than  in  the  region  of  outcrop  in  Wisconsin,  as  may  be  seen  by 
records  of  wells  published  in  the  reports  by  the  author  above  cited. 

Galena  Hmestoiie, — The  Galena  limestone  is  very  largely  of  porous 
rock,  and  in  the  region  of  outcrop  in  northern  Illinois  is  a  good  water- 
bearer.  The  drill  has  shown  that  parts  of  it,  buried  deeply  beneath 
later  formations  in  western  Illinois,  will  yield  strong  artesian  wells«  so 
that  it  is  unnecessar}'  at  such  points  to  sink  to  the  St.  Peter  or  lower 
formations. 

Niagara  limei<tane, — ^I'he  Niagara  limestone  is  another  great  w^ater- 
bearer,  not  only  in  northern  Illinois,  where  it  immediately  underlies 
the  drift,  but  often  also  when  under  the  cover  of  other  rocks.  The 
water  seems  in  many  cjises  to  be  traversing  the  formation  in  streams 
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or  veins,  probably  along  fissures,  and  the  depth  to  these  veins  may 
vary  greatly  in  neighboring  wells.  The  fissures  were  probably  opened 
widely  by  atmospheric  action  before  the  formation  was  buried  beneath 
the  drift  or  older  rocks.  An  objectionable  feature  of  many  wells 
obtaining  water  from  the  Niagara  limestone  is  the  presence  of  sulphu- 
reted  hydrogen,  formed  from  the  decomposition  of  pyrites  present 
in  the  limestone.  There  are,  however,  numerous  wells  in  which  this 
is  not  a  pronounced  feature,  and  the  water  is  otherwise  palatable  and 
wholesome. 

Devonian  limestones. — ^The  Devonian  limestones  are  ordinarily  poor 
water-bearers  compared  with  the  Niagara  limestone,  y^i^  in  certain 
localities,  they  afford  sufficient  water  to  supply  local  needs.  Their  out- 
crop is  also  much  more  restricted  than  that  of  the  Niagara,  being  con- 
fined to  small  areas  in  the  western  and  southern  parts  of  the  State. 

St.  Louis  limestone. — The  limestone  formations  of  earlier  Carbonif- 
erous age  have  outcrops  over  several  counties  in  western  and  southern 
Illinois,  and,  though  not  great  water-bearers,  are  drawn  upon  largely 
where  the  glacial  deposits  are  either  wanting  or  are  too  thin  to  supply 
the  water. 

Chester  sandstone. — The  Chester  group  of  southern  Illinois  contains 
sandstones  which  are  generally  good  water  bearera,  but  their  outcrop 
is  limited  and  they  soon  pass  to  so  great  a  depth  as  to  make  drilling  to 
them  expensive.  The  water  in  the  deep-lying  beds  is  also  liable  to  be 
brackish  or  unsuitable  for  domestic  use. 

"  Conglomerate'^''  saridstane. — The  ''Conglomerate"  sandstone  which 
underlies  the  Coal  Measures  in  central,  eastern,  and  southern  Illinois 
is  not  likely  to  become  a  valuable  source  of  water  for  domestic  use,  for 
it  is  a  very  thin  formation  in  the  northern  part  of  its  field,  and  where 
thick  in  the  southern  part  is  generally  buried  deeply  under  Coal  Meas- 
ures.    In  the  latter  situation  it  is  usually  charged  with  salt  water. 

Coal  Measures. — ^The  sandstone  beds  of  the  Upper  and  Lower  Coal 
Measures  constitute  probably  half  the  thickness  of  the  formations,  and 
the}'  are  generally  permeated  with  water  which,  however,  is  suitable  for 
domestic  use  only  at  a  few  horizons,  usually  within  200  feet  of  the  sur- 
face, for  at  other  horizons  and  at  greater  depth  there  are  often  either 
salt  or  sulphates  to  render  the  water  objectionable.  These  formations, 
however,  usually  supply  the  needs  of  residents  in  places  where  the 
drift  cover  does  not  furnish  a  sufficient  amount  of  water. 

Tertiary  depotdts. — ^The  Tertiary  deposits  are  of  limited  extent  and 
shallow  depth  and  afford  a  very  unimportant  part  of  the  water  supplies 
of  the  State.  In  the  region  where  they  occur  wells  are  often  sunk  to 
the  underlying  limestone. 

Glacial  deposits. — The  glacial  deposits  are  probably  more  often 
drawn  upon  than  all  other  formations  combined,  for  they  are  surface 
formations  and  the  water  is  reached  by  wells  of  moderate  depth  such  as 
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nearly  every  resident  can  afford.  There  are  probably  more  than  a  half 
million  wells  in  these  deposits.  The  complexity  of  the  glacial  fonna- 
tions,  however,  is  such  that  in  a  large  part  of  the  glaciated  area  it  is 
difficult  to  forecast  the  results  of  boring  into  them.  It  is  estimated 
that  about  70  per  cent  of  the  glacial  drift  is  a  compact  clayey  material 
affording  very  little  water,  except  by  slow  seepage.  The  remaining 
30  per  cent  would,  if  distributed  to  the  best  advantage,  be  adequate  to 
the  needs  of  residents.  But  unfortunately  there  are  tracts  of  con- 
siderable extent  in  which  the  drift  is  almost  wholly  of  a  clayey  constitu- 
tion, .while  other  tracts  have  a  superabundance  of  water-bearing 
material.  A  somewhat  detailed  study  of  these  deposits  has  shown 
that  the  distribution  of  the  sand  and  gravel  beds  depends  to  a  large 
degree  upon  the  drainage  conditions  attending  the  melting  of  the  ice. 
In  the  repeated  advances  which  the  ice  made  into  this  region  the  sand 
and  gravel  beds  distributed  by  the  water  from  the  melting  of  a  given 
ice  sheet  were  overridden  and  buried  deeply  in  places  by  the  deposits 
from  a  later  ice  sheet.  Then,  too,  there  appear  to  have  been  minor 
oscillations  of  the  ice  front  in  each  stage  of  glaciation  by  which  sand 
and  gravel  beds,  which  had  been  spread  out  at  the  edge  of  the  ice  sheet, 
were  covered  by  clay  deposits  laid  down  during  the  readvance  of  the 
ice.  In  western  and  southern  Illinois  the  sand  and  gravel  found  in  the 
drift  seem  to  have  been  deposited  as  the  result  of  these  minor  fluctua- 
tions, for  they  are  distributed  in  very  irregular  and  limited  areas.  In 
central,  eastern,  and  northeastern  Illinois  there  are,  in  addition  to  such 
beds,  more  extensive  ones  lying  between  the  main  drift  sheets.  It  is 
also  found  that  throughout  the  State  a  large  amount  of  sand  and  gravel 
and  abundance  of  water  are  usuiJJy  found  along  the  line  of  pre  -Glacial 
valleys.  In  the  northern  part  of  the  State,  north  from  a  line  running 
from  Rock  Island  to  Watseka,  there  is  a  large  amount  of  gravellj^  and 
sandy  drift  at  or  near  the  surface.  Farther  south  the  surface  sand 
and  gravel  are  generally  restricted  to  the  valleys  of  the  main  drainage 
lines.  PI.  XVI  indicates  the  relation  of  the  drift  to  the  wells.  It  shows 
the  areas  in  which  wells  are  obtained  almost  wholly  from  the  drift, 
areas  in  which  drift  and  rock  wells  are  each  used  extensively,  and 
areas  in  which  it  is  generally  necessary  to  go  into  the  rock  to  obtain 
water.  There  are  many  weak  wells  within  the  areas  of  thick  drift, 
but  in  the  great  majority  of  cases  farmers  have  penetrated  to  water- 
bearing beds  or  veins,  which  afford  an  adequate  supply. 

L.OCAr.ITIE8  FAVORABT^E  FOR  ARTESIAN  WEULS. 

Artesian  wells  as  here  discussed  include  only  wells  which  overflow, 
whether  from  the  rock  or  from  the  glacial  formations.  It  should  be 
understood,  however,  that  a  large  number  of  wells  not  classed  as  arte- 
sian are  under  the  same  hydrostatic  pressure  as  those  that  flow  and 
the  water  rises  to  a  similar  altitude  above  sea  level. 
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The  artesian  wells  obtained   from  the  several  rock  formations  in 
northern  and  western  IllinoiN  mui^t  generally  be  situated  on  ground 

less  than  700  feet  above  nea.  level,  for  it  in  well  established  that  water 
will  not  rise  above  that  height,  except  in 
the  extreme  northern  part  of  the  State  or 
in  localities  where  the  greater  head  is  ob- 
tained from  drift  formations,  which  consti- 
tute the  main  source  of  supply  for  the 
wells.  In  southwestern  and  southern  Illi- 
nois the  ground  must  l>e  (considerably  lower 
than  in  northern  and  western  Illinois  to 
obtain  a  flow.  In  the  latitude  of  St.  Louis, 
and  south  from  there,  the  bead  is  gener- 
ally as  low  aa  500  feet  above  tide,  and  flows 
are  obtained  only  at  a  few  points,  there 

being  a  less  uniform  head  or  hydrostatic  3  B 

pressure  than  in  the  northern  and  western  1 1 

parts  of  the  State.     The  most  favored  part  5  | 

of  the  State  for  deep  artesian  wells  is  that  ■  | 

lying   north   and  west  of  Illinois  Kiver.  ^-  | 

The  following  section  (flg.  40)  is  along  a  Ba 

line  from  Wisconsin  River  in  western  Wis-  Z  | 

consin  southward  to  Cap  au   Gres    near  -  ^ 

the  mouth  of  Illinois  Kiver  through  a  re-  ^  3. 

gion  where  artesian  wells  are  verj'  success-  ^  S 

ful.     It  will  be  observed  that  northward  » -e 

from  Aledo  the  section  shows  but  one  shale  i.  e 

bed  — the  Hudson  —  and  this   is  wanting  |  § 

north  of  Ualena,  but  south  from  Aledo  the  z  a 

Kinderbook,  Devonian,  and  Coal  Measure»  |  S 

shales  comprise  a  considei-able  portion  of  i^  •   I 

the  section.     It  is  thought  that  the  intake  | 

is  not  restricted  to  the  outcrop  of  the  sand-  ? 

stone  in  Wisconsin,  but  that  the  limestones  ^ 

and  other  pervious  beds  farthersoutb  take  | 

in  a  large  amount  of  water.  ^  ■ 

There  are  only  a  few  small  areas  in  llli-  ^ 

nois  in  which  the  drift  furnishes  flowing  ^ 

wells.     These   areas  are   usually   on   the  g; 

slopes  of  moraines,  or  along  valleys    in  g 

which  there  is  a  thick  tilling  of  drift.     The  "■  i 

intake  appears  to  be  on  the  moraines  or  g   , 

possibly  on  outlying  gravel  plains  in  the  ^ 

first  instance,  and  on  higher  ground  bordering  valleys  in  the  second 
instance.     In  these  wells,  as  in  thase  which  obtain  their  supply  from 

the  rock,  (he  rise  of  water,  or  hydrostatic  pressure,  is  in  many  case:i 
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no  greater  than  in  neighboring  wells  that  do  not  overflow,  the  overflow 
being  due  to  the  low  altitude  of  the  surface.  The  largest  flowing 
well  district  is  in  a  basin  lying  on  the  north  slope  of  a  morainic  sys- 
tem in  Iroquois  County  and  border  portions  of  adjacent  counties  in 
eastern  Illinois,  and  comprises  an  area  of  about  500  square  miles. 
There  is  a  smaller  district  with  exceptionally  strong  flows  around  Poto- 
mac, in  northern  Vermilion  County.  Other  small  districts  occur  near 
Plattville,  .in  Kendall  County;  near  Earlville,  in  northern  Liasalle 
County;  near  S^'camore,  in  northern  Dekalb  County;  near  Palatine,  in 
northern  Cook  County,  and  along  Salt  Creek  Valley,  in  northern  Cook 
and  eastern  Dupage  County.  There  are  a  few  flowing  wells  along-  the 
north  fork  of  Chicago  River,  in  northern  Cook  and  southern  Lake 
counties.  Flowing  wells  are  also  common  in  low-lying  tracts  among 
moraines  of  Lake,  McHenry,  and  Kane  counties.  The  combined  area 
of  all  these  small  districts  will  probably  notgreatly  exceed  that  of  the 
Iroquois  district  (500  square  miles).  Occasional  flowing  wells  are 
scattered  over  the  centml  part  of  the  State,  chiefly  along  river  valleys, 
and  there  are  very  few  in  the  western  and  southern  portions  in  similar 
situations. 

WATERS  IN  REI4ATION  TO  HABITATION. 

The  census  of  1900  gives  Illinois  a  population  of  4,821,550,  which 
warrants  the  assumption  of  a  present  population  of  about  5,000,000. 
About  half  of  this  population  derives  the  supply  for  drinking  and  many 
other  domestic  uses  from  surface  water,  Lake  Michigan  furnishing 
water  for  the  2,000,000  or  more  people  of  Chicago,  and  several  other 
small  cities  along  the  lake,  and  the  streams  of  the  State  furnishing  a 
supply  for  about  300,000  people  living  in  the  small  cities  and  villages. 
It  is  estimated  that  about  a  half  million  people  obtain  their  drinking 
water  from  wells  of  considerable  depth.  There  thus  remains  about 
2,000,000  people  who  are  supplied  from  wells  of  shallow  depth.  A 
small  part  of  the  population,  residing  principally  in  the  driftless  parts 
of  the  State,  depend  entirely  upon  rain  water  collected  in  cisterns,  and 
rain  water  is  used  to  a  small  extent  in  every  community  throughout 
the  State  for  drinking  water,  and  is  used  extensively  for  other  domes- 
tic purposes.  Spring  water  is  also  in  use  to  a  very  limited  extent 
throughout  the  State. 

The  chemical  survey  of  the  waters  of  the  State  instituted  at  the 
University  of  Illinois  in  1895,  and  conducted  by  Prof.  A.  W.  Palmer, 
has  called  attention  to  the  quality  of  the  water  from  the  several  sources 
in  use.  Up  to  the  present  time  about  11,000  sanitary  analyses  and  500 
mineral  analyses  have  been  made,  representing  conditions  in  100  of  the 
102  counties  and  about  500  cities,  villages,  and  hamlets.     From  the 
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latest  report,*  covering  the  period  1897  to  1902,  inclusive,  the  follow- 
ing results  of  the  survey  are  taken.  The  rain  water  in  use  by  the  res- 
idents is  seldom  properly  filtered  and  the  ordinary  cistern  filter,  ^^as 
commonly  managed  or  rather  neglected,  frequently  is  almost  worse 
than  useless,  inasmuch  as  it  soon  becomes  surcharged  with  matters 
^hich  it  has  removed  from  some  of  the  water,  and  then,  instead  of 
purifying  the  water  that  subsequently  passes  through,  often  becomes  a 
source  of  offense  if  not  of  danger." 

^^In  general,  water  taken  from  lakes,  from  streams,  or  from  the 
ground,  when  these  sources  of  supply  are  in  their  original  or  natural 
condition,  is  perfectlj^  wholesome  and  unobjectionable,  but  with 
increasing  population  and  longer  occupancy  of  the  ground  the  condi- 
tions change  and  contamination  becomes  inevitable."  For  this  reason 
Professor  Palmer  remarks  that  it  would  be  best  for  even  the  people  of 
the  smallest  towns  to  use  for  drinking  purposes  only  the  water  supplied 
by  one  general  plant,  the  sanitary  condition  of  which  could  and  should 
be  thoroughly  and  periodically  investigated  by  experts  acting  imder 
the  direction  of  a  water  commission  or  the  State  board  of  health. 

This  chemical  survey  has  shown  that  the  normal  shallow  drift  waters 
contain  chlorides,  sulphates,  carbonates,  and  silicates  of  calcium,  mag- 
nesium, potassium,  and  sodium,  with  minute  quantities  of  iron  and 
aluminum  compounds,  together  with  considerable  quantities  of 
nitrates,  but  only  minute  quantities  of  saline  ammonia  and  albuminoids; 
organic  matters  are  almost  entirely  absent;  nitrites  are  frequently 
present  in  notable  quantity.  The  normal  deep  drift  waters  contain 
in  general  the  same  mineral  salts  as  the  shallow  waters,  but  usually 
the  quantity  of  iron  is  considerable,  and  the  nitrates  are  either  entirely 
absent  or  present  in  but  minute  quantity,  while  free  ammonia  is  abun- 
dant and  albuminoids  are  present  in  considerable  quantities.  ^  ^  Oxygen 
consumed"  is  high,  and  the  water  residue  blackens  upon  being  heated, 
showing  that  it  contains  much  organic  matter.  The  waters  from  shal- 
low wells  are  well  aerated  and  are  clear,  sparkling,  cool,  and  of  agree- 
able taste;  those  from  the  deeper  wells  contain  little  or  no  oxygen, 
possess  in  many  cases  a  disagreeable  taste,  due  to  the  presence  of  marsh 
gas,  accompanied  occasionally  by  minute  quantities  of  sulphureted 
hydrogen,  and  are  either  turbid  or  become  turbid  quickly  on  exposure 
to  air,  owing  to  the  oxidation  of  the  iron  carbonate  which  they  contain 
and  the  consequent  precipitation  of  insoluble  ferric  compounds. 

^'  Although  these  unpleasant  characteristics  of  the  deep  drift  waters 
give  rise  to  much  prejudice  and  objection  to  their  general  use  for 
drink,  nevertheless,  from  the  sanitary  standpoint  they  are  usually  to 

o  Chemical  Survey  of  the  Waters  of  nilnols.    ^port  for  the  years  1897-1902,  by  Arthur  William 
Palmer.    PabUataed  by  the  Univenity,  1906, 254  pages. 
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be  preferred  to  the  clear  and  palatable  waters  of  the  shallow  wells, 
since  the  evidence  of  numerous  analyses  shows  that  they  are  less  sub- 
ject to  pollution  with  refuse  animal  matters  than  are  the  latter,  while 
the  organic  matters  which  they  contain  are  derived  from  buried 
vegetable  remains  and  are  comparatively  harmless.** 

MINERAIi  SPRINGS. 

Though  not  so  abundant  as  in  more  rugged  areas,  springs  are  never- 
theless numerous  in  Illinois.  Those  of  the  drift  are  probably  the 
most  abundant  numerically,  but  the  individual  springs  are  generally 
small,  sometimes  being  mere  seeps.  Such  waters  vary  in  character 
according  to  the  constitution  of  the  drift,  but  in  general  they  are  hard, 
and  frequently  carry  considerable  iron  in  solution.  In  the  Coal  Meas- 
ure rocks  they  are  very  often  highly  charged  with  iron  sulphate 
or  carbonate,  salt,  hydrogen  sulphide,  etc.,  while  in  the  limestone  the 
waters  are  generally  very  hard.  Springs  are  numerous,  and  sometimes 
of  considerable  size  in  the  limestones  and  older  sandstones,  especiallj- 
along  the  bluffs  of  Mississippi  River. 

A  considerable  number  of  the  mineral  springs  are  the  sites  of  resorts 
of  more  or  less  importance.  Man}'^  report  sales  of  water  for  medicinal 
or  table  purposes.  The  22  springs  reporting  to  the  United  States 
Geological  Survey  in  1902  are  as  follows:* 

Abana  Spring,  Libertyville,  Lake  County. 

Anna  or  Cave  Mineral  Springs,  Anna,  Union  County. 

Aqua  VitK3  Mineral  Springs,  near  Maquon,  Knox  County. 

Aurora  Lithia  Spring,  Montgonlery,  Kane  County. 

Black  Hawk  Springs,  Rock  Island,  Rock  Island  County. 

Blue  Grass  Springs,  Montgomery,  Kane  County. 

Cumberland  Mineral  Spring,  near  Greenup,  Cumberland  County. 

Deer  Lick  Mineral  Spring,  Dearfield,  Lake  County. 

Diamond  Mineral  Spring,  Grantfork,  Madison  County. 

Elmhurst  Mammoth  Spring,  Elm  hurst,  Dupage  County. 

Glen  Flora  Mineral  Springs,  Waukegan,  Lake  County. 

Gravel  Springs,  near  Jacksonville,  Morgan  County. 

Macinac  Mineral  Spring,  Woodford  County,  near  Carlock. 

Magnesia  Spring,  Montgomery,  Kane  County. 

Min-ni-Ni  yan  Spring,  Bristol,  Kendall  County. 

Mokena  Mineral  Spring,  Mokena,  Will  County. 

Original  Springs,  Okawville,  Washington  County. 

Perry  Mineral  Springs,  Perry  Springs,  Pike  County. 

Red  Avon  Mineral  Spring,  Avon,  Fulton  County. 

Sanicula  Springs,  Ottawa,  Lasalle  County. 

Sylvan  Dell  Spring,  Galewood,  Cook  County. 

White  Diamond,  formerly  Spouting  Mineral  Spring,  South  Elgin,  Kane  County. 


a  Chemical  Surrey  of  the  Waters  of  lUinoiB.    Report  for  the  yean  1897-1902,  by  Arthur  Willlara 
Palmer.    Published  by  the  University,  1908,  pp.  8-9. 
{>Peale,  A.  C,  Mineral  Resources  U.  S.  for  1902,  U.  8.  Oeol.  Survey,  190i,  p.  996. 
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The  aggregate  sales  of  these  22  springs  are  given  as  1,767,956 
gallons,  with  a  value  of  $89,565. 
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INDIANA. 


By  Frank  Leverett. 


INTRODUCTORY  8TATEMBKT. 

This  brief  discussion  of  water  conditions  in  Indiana,  like  that  of 
Illinois,  is  restricted  chiefly  to  the  relative  value  of  the  several  geo- 
logic formations  as  water  bearers.  A  more  detailed  discussion  of 
drainage  systems,  underground  waters,  mineral  springs,  and  water 
supplies  for  cities  and  villages  will  be  found  in  a  paper  ^  by  the  author 
which  appears  in  the  Eighteenth  Annual  Report  of  the  United  States 
Geological  Survey  (pp.  425-659)  and  a  discussion  of  the  wells  of 
Indiana,  taken  up  county  by  county,  in  Water  Supply  and  Irrigation 
papers  Nos.  21^  and  26.^  The  geologic  structure  of  Indiana  has 
been  discussed  in  part  or  as  a  whole  in  several  of  the  reports  of  the 
State  geological  survey,  but  except  the  very  excellent  discussion  of  min- 
eral waters  in  the  Twenty -sixth  and  Twenty -seventh  Annual  Reports, 
the  State  reports  contain  little  information  concerning  water  supplies. 
A  paper  on  the  ''Natural  Gas  Field  of  Indiana,"  by  A.  J.  Phinney, 
in  the  Eleventh  Annual  Report  of  the  United  States  Geological  Survey 
(pp  609-742),  presents  many  data  concerning  water  supplies. 

GEOIiOGIC  COIiUMN. 

The  formations  exposed  in  Indiana  extend  with  but  slight  breaks 
from  the  Hudson  River  group  to  the  Coal  Measures.  There  is  then  a 
wide  gap,  the  next  formation  being  of  Tertiary  (?)  age,  after  which 
another  interval  appears  between  the  Tertiary  (?)  and  the  glacial  forma- 
tions. The  table  on  page  259  gives  the  formations  penetrated  by  the 
drill,  beginning  with  the  newest  and  extending  to  the  oldest.  It  also 
includes  the  formations  below  the  Hudson  River  group  which  have 
been  reached  by  the  drill. 

a  Water  resources  of  Indiana  and  Ohio, 
b  Wei Kf  of  northern  Indiana. 
c  WellB  of  Bouthem  Indiana. 

258 
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Generalized  gection  of  the  rock  formations  of  Indiana. 

[Modified  from  section  of  A.  J.  Phinney  in  the  Eleventh  Annual  Report  of  the  U.  8.  Geological 

Survey,  pp.  624-625.] 


Recent  deposits,  alluvium,  peat,  marl,  etc 

Wisconsin  drift  sheet  (Pleistocene) 

Loess,  marl  loess,  white  clay,  etc.  ( Pleistocene) 

Illinoian  drift  sheet  (Pleistocene) 

Kansan  and  pre-Kansan  drift  sheets  (?)  (Pleistocene) 

Tertiary  (?)  deposits  (age  undetermined ) 

Tpper  Coal  Measures  (Carboniferous) 

Middle  Coal  Measures  ( Carboniferous) 

Lower  Coal  Measures  and  Conglomerate  (Carboniferou8) 

Chester  group  (Carboniferous) , 

St.  Louis  group  (Carboniferous) 

Keokuk  group  (Carboniferous) 

Knobstone  and  Waverly  (Carboniferous) , 

Black  shale  (Devonian) 

Brown  shale  (Devonian) 

Hamilton  limestone  and  shale  (Devonian) 

Upper  Helderberg  (Devonian) 

Schoharie  (?)  (Devonian) 

Lower  Helderberg  (Silurian) 

Waterlime  (Silurian) 

Niagara  group  (Silurian) 

Clinton  group,  limestone  and  shale  (Silurian) 

Medina  (?)  (Silurian) 

Hudson  River  group  (Ordovician) 

TJtica  shale  (Ordovician)  . , 

Trenton  group  (Ordovician) 

St.  Peter  (Ordovician) 

Lower  Magnesian  (Cambrian) 

Potsdam  sandstone  (Cambrian) 


Thicknen. 


Feet. 

5-50 
6-250 

5-60 
5-250 

(?) 
5-50 

50-195 

600-888 

60-210 

0-74 

0-330 

6-106 

42-532 

70-120 

25-47 

47 

5-65 

14-20 

25-230 

65-150 

52-480 

46 

60 

260-860 

0-300 

486-525 

150-224 

400± 

323-h 


PBINCIPAIi  WATER-BEARING  FORMATIONS. 

St.  Peter  mndstone, — ^The  St.  Peter  sandstone,  in  the  Indiana  field, 
usually  is  a  calcareous,  loose-textured  rock,  saturated  with  salt  water, 
containing  more  or  less  sulphate  of  magnesia  and  sulpureted  hydrogen. 
It  may,  however,  be  potable  in  the  extreme  northwest  part  of  the  State. 

Trenton  limestone, — The  porous  portion  of  the  Trenton  limestone, 
except  in  parts  of  the  State  where  it  carries  natural  gas  and  oil,  is 
also  saturated  with  salt  water,  the  water  taking  the  place  of  the  gas  and 
oil  as  the  latter  become  exhausted  by  pumping. 
IHB  114—05 18 


260        UNDEBGROHND    WATERS,   EASTERN    UNITED   STATES.       [no.  114. 

Hudson  heds. — The  Hudson  group  is  a  very  poor  water  bearer,  >>eincj 
composed  largely  of  shale.  It  is  used  to  a  limited  extent,  however,  at 
its  outcrop  in  the  southeastern  part  of  the  State  to  supply  water  for 
domestic  use. 

Clinton  and  Medina  heds. — The  Clinton  and  Medina  are  compara- 
tively thin  formations  with  very  limited  areas  of  outcrop,  and  are,  a> 
a  rule,  inferior  water  bearers. 

Niagara  limestone. — The  Niagara  group  consists  largely  of  a  lime- 
stone which,  as  in  Illinois,  contains  a  large  amount  of  water,  generally 
palatable  and  suitable  for  domestic  use.  In  some  cases,  as  in  Illinois, 
the  water  is  charged  with  sulphureted  hydrogen  produced  through 
the  decomposition  of  pyrite  included  in  the  limestone.  This  limestone 
furnishes  probably  the  most  abundant  supply  of  water  suitable  for 
domestic  use  to  be  found  in  any  single  rock  formation,  since  it  is  struck 
at  moderate  depth  in  much  of  the  eastern  part  of  the  State.  When  it 
passes  under  the  cover  of  later  formations  and  sinks  to  considerable 
depths  the  water  becomes  brackish  and  is  unsuitable  for  domestic  use. 

Waterlime  and  Lower  Ilelderherg  limesUmes, — ^The  limestone  forma- 
tions above  the  Niagara  to  the  base  of  the  Devonian  shale  afford  g-o<id 
supplies  of  water  in  the  region  of  outcrop,  water  being  general  U' 
struck  in  veins  or  fissures,  as  in  the  Niagara  limestone.  The  outcrops 
are,  however,  comparatively  few,  since  these  formations  are  ordinarily 
buried  under  very  heavy  deposits  of  drift.  Their  value  as  water  bear- 
ers is  found  chiefly  along  the  Wabash  Valley  above  Delphi  and  in  the 
southern  part  of  the  State,  where  the  drift  is  thin  or  wanting. 

Devonian  shale.— Thoi  Devonian  shale  which  underlies  heavy  deposits 
of  drift  in  the  northern  part  of  the  State  and  also  a  narrow  strip  lead- 
ing west  of  north  from  Ohio  River  at  New  Albany  to  the  Tippecanoe 
near  Monon  is  perhaps  the  poorest  water-bearer  in  the  State,  but  it  is 
so  generally  deeply  covered  by  water-bearing  beds  of  drift  that  there 
is  little  need  of  penetrating  it. 

Waverly  shale. — The  Waverly  shale,  which  is  found  on  the  north 
border  of  the  State,  like  the  Devonian  shale,  is  a  very  poor  water- 
bearer,  and  like  it,  too,  is  concealed  deeply  beneath  water-bearing- 
beds  of  drift. 

Knobstone  formation. — The  Knobstone  formation  from  the  central 
part  of  the  State  southward  constitutes  the  knobs  or  most  hilly  tracts 
of  southern  Indiana,  and  includes  some  sandstones  as  well  as  shales. 
It  is  covered  by  drift  north  from  northern  Brown  Countj^  and  the 
drift-covered  portion  is  not  drawn  upon  for  wells  to  any  notable 
degree.  The  driftless  portion  of  this  formation  is  only  sparsel}^  set- 
tled and  the  residents  depend  to  a  large  degree  upon  springs  which 
issue  from  the  sandstone  beds  along  the  valley  slopes.  The  water  is 
ordinarily  fresh  and  much  softer  than  that  obtained  from  neighboring 
limestone  formations. 
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SL  Lrmui  Ihnestane  he<h. — The  St.  Louis  limestone  belt  occupies  in 
its  outcrop  a  width  of  alH)ut  20  miles,  and  extends  from  Ohio  River  in 
Harrison  County,  west  of  north  through  Washington,  Orange,  Law- 
rence, Monroe,  Owen,  Morgan,  Putnam,  and  Montgomery  counties  to 
the  borders  of  the  Wabash  Valle}^  above  Attica.  It  is  unglaciated  as 
far  north  as  northern  Monroe  County,  and  furnishes  the  sole  supply 
for  the  residents,  with  the  exception  of  the  rain  water  collected  in 
cisterns.  There  are  some  localities  in  which  the  expense  of  sinking 
wells  into  the  limestone  far  enough  to  strike  water  is  so  great  that  cis- 
tern water  has  come  into  use  for  drinking  as  well  as  for  other  domestic 
purposes.  In  the  drift-covered  portion  of  this  limestone  belt  a  large 
part  of  the  wells  are  obtained  without  entering  the  limestone,  though 
its  seveial  members  appear  to  be  good  water  bearers  wherever 
penetrated. 

Chester  sandstone. — ^The  sandstones  which  come  in  between  the  lime- 
stone group  and  the  Coal  Measures  form  a  narrow  strip  running  from 
Perry  County,  on  Ohio  River,  west  of  north  to  the  Wabash  Valley  at 
the  vicinity  of  the  great  bend  near  Attica.  The  region  between  Ohio 
River  and  White  River  is  either  driftless  or  carries  only  a  thin  deposit 
of  drift,  and  the  sandstone  supplies  water  at  moderate  depths  and  also 
is  the  source  of  many  springs,  usually  of  fresh  water. 

Coal  Measures, — The  Coal  Measures  of  the  southwestern  part  of 
Indiana  are  either  unglaciated  or  covered  to  only  a  slight  depth  with 
drift,  but  in  western  Indiana  they  are  so  thickly  covered  that  wells  are 
either  obtained  in  the  drift  or  at  the  junction  of  the  drift  with  the 
rock.  Wells  which  have  been  sunk  into  the  rock  have  in  some  cases 
struck  '^copperas  water"  at  moderate  depths,  and  salt  water  is  usually 
encountered  at  depths  of  more  than  2()0  feet.  To  obtain  good  water 
in  this  region  exploration  should  be  made  by  the  drill  until  fresh 
water  free  from  sulphates  has  been  reached.  W^aters  with  objection- 
able properties  which  occur  at  higher  levels  can  then  be  cased  out,  as 
is  impracticable  when  the  wells  are  dug.  In  some  localities  it  seems 
necessary  to  use  rain  water  collected  in  cisterns,  the  sulphates  in  the 
watere  from  the  rock  being  so  generally  present  that  good  wells  are 
verv  difficult  to  obtain. 

Tertiary  deposits. — The  Tertiary  deposits  are  of  very  limited  extent, 
and  the  only  places  in  which  they  appear  to  be  of  value  as  water- 
bearers  are  found  where  the  gravels  have  been  redeposited  in  the  Ohio 
Valley,  in  which  case  they  sometimes  yield  springs  of  considerable 
strength,  some  of  which  are  to  be  found  below  Rockport. 

Drift. — The  glacial  deposits  of  Indiana  extend  to  Ohio  River,  in  the 
southeastern  part  of  the  State,  but  the  drift  border  runs  northward 
from  near  Jeffersonville  to  northern  Brown  County,  and  thence  west- 
ward into  Monroe  County,  passing  a  little  north  of  Bloomington.    The 
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course  is  then  southwestward  across  Greene,  Martin,  Dubois,  Pike, 
Gibson,  and  Posey  counties  to  the  mouth  of  the  Wabash.  From  about 
the  latitude  of  Indianapolis  southward  the  thickness  of  the  drift  is 
very  moderate,  except  along  the  line  of  pre-Glacial  valleys,  but  in 
nearly  all  parts  of  the  State  north  of  this  latitude  there  is  a  heavy 
deposit  which  in  places  reaches  a  thickness  of  500  feet,  and  averages 
about  200  feet.  The  average  thickness  in  the  entire  glaciated  portion 
of  the  State  is  estimated  to  be  about  130  feet.  There  are  a  few  coun- 
ties in  the  southeastern  part,  and  small  tracts  in  the  southwestern, 
where  the  drift  is  composed  very  largely  of  compact  clayey  material, 
which  is  such  a  poor  water-bearer  that  wells  have  been  sunk  into  the 
rock  formations.  Elsewhere  in  the  State  it  i8  the  exception  to  find  a 
well  extending  to  the  rock  without  encountering  more  or  less  water- 
bearing gravel  and  sand.  In  the  areas  of  thickest  drift  the  gravel  and 
sand  generally  greatly  preponderate  over  clayey  material.  The  large 
amount  of  gravel  and  sand  in  the  drift  of  this  State  seems  due  to  the 
fact  that  there  was  a  crowding  or  converging  of  ice  lobes  which 
entered  the  State  from  the  great  basins  of  Lake  Michigan,  Saginaw 
Bay,  and  Lake  £rie,  which  would  naturally  produce  a  great  amount  of 
glacial  drainage. 

In  the  Illinois  district,  where  the  single  ice  lobe  from  the  Lake 
Michigan  basin  was  free  to  spread  widely,  the  streams  occupied  only 
a  small  part  of  the  glaciated  area,  and  thus  left  wide  strips  in  which 
there  was  very  little  movement  of  waters  to  carry  away  the  clayey 
material.  In  Indiana  as  well  as  in  Illinois  there  were  oscillations  of 
each  of  the  several  ice  lobes,  which  have  resulted  in  alternations  of  beds 
of  various  degrees  of  coarseness  and  permeability  to  water.  In  the  final 
retreat  of  the  ice  an  extensive  but  comparatively  thin  sheet  of  sand 
was  deposited  over  the  district  between  the  Kankakee  and  Tippecanoe 
rivers  in  northwestern  Indiana,  but  elsewhere  in  northern  Indiana  the 
surface  capping  is  largely  clay.  The  inferior  quality  of  much  of  the 
water  in  the  rock  formations  of  Indiana  is  more  than  made  good  by 
the  great  abundance  of  excellent  water  in  the  drift,  so  that  the  State 
is,  as  a  whole,  highly  favored  in  its  water  supply  for  all  domestic 
uses. 

The  map  of  Indiana  and  Ohio,  PL  XVIII,  shows  not  only  the  relation 
of  the  wells  to  the  drift,  but  also  the  parts  of  the  State  in  which 
the  drift  is  of  exceptional  thickness.  It  should  perhaps  be  stated 
that  in  the  portion  where  the  drift  is  but  25  to  75  feet  thick  wells 
are  commonly  obtained  without  entering  the  rock,  and  rock  wells 
are  nearly  as  rare  as  in  the  districts  where  there  is  more  than  100  feet 
of  drift. 
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liOCAUTTES  PAVORABI-E  FOR  ABTESIAN  WEIiliS  IN 

INDIANA. 

There  are  no  extensive  ai'eas  in  ibis  State  where  artesian  wells  may 
be  obtained,  except  perhaps  in  the  northwestern  counties  where  the 
conditions  are  similar  to  those  of  the  neighboring  part  of  Illinois. 
Elsewhere  occasional  flows  have  been  obtained  in  the  valleys  of  the 
main  streams  or  exceptionally  low  parts  of  interfiuvial  tracts.  The 
deep  borings  were  sunk  usually  for  the  purpose  of  obtaining  oil  or  gas, 
little  attention  being  given  to  the  head  attained  by  water.  The  data 
are  therefore  insufficient  to  warrant  definite  statements  concerning  the 
head  to  be  expected  at  any  given  place  or  conclusions  concerning  the 
regularity  or  lack  of  regularity  in  the  hydrostatic  pressure. 

Flowing  wells  from  the  drift  have  only  been  obtained  in  very  small 
areas,  which,  like  those  of  Illinois,  are  situated  usually  on  the  iceward 
side  of  prominent  moraines  or  in  the  valleys.  Numerous  instances 
will  be  found  recorded  in  the  papers  by  the  author  referred  to  above. 

MIKERAIi  WATERS. 

Mineral  waters  are  of  common  occurrence  in  Indiana,  and  include 
the  waters  of  both  springs  and  wells.  Mr.  W.  S.  Blatchley  has 
recently  made  an  extended  study  of  such  waters  and  has  published  a 
detailed  report  treating  of  their  character  and  uses.*  Over  100  springs 
or  wells  are  described  and  a  large  number  of  analyses  given.  Dr. 
Robert  Hessler  has  made  a  report  on  the  medicinal  properties  and 
uses  of  Indiana  mineral  waters.^ 

Springs  occur  in  nearly  all  parts  of  the  State  and  in  rocks  of  widely 
different  types.  Those  from  the  coal-bearing  rocks  of  the  Carbonif- 
erous are  relatively  small,  but  carry  large  amounts  of  mineral 
matter,  especially  salt,  iron  sulphate,  iron  carbonate,  and  hydrogen 
sulphide.  The  springs  in  the  limestone  regions  generally  carry  much 
lime,  but  hold  little  of  the  substances  mentioned  as  characterizing  the 
Coal  Measure  rocks.  Some  of  these  are  of  great  volume,  welling  up 
from  fissures,  or  from  between  beds,  or  emerging  from  caves.  In 
some  instances  the  volume  is  sufficient  to  furnish  water  power  for 
mills. 

Up  to  1886  few  deep  wells  had  been  drilled,  but  since  that  date  more 
than  14,000  bore  holes  have  been  sunk.  Some  of  these  flowed,  and  in 
many  others  the  water  rose  nearly  to  the  surface.  Large  supplies  are 
sometimes  obtained.  Much  of  the  water  is  highl}"^  mineralized  and  of 
medicinal  value,  and  wells  have  been  developed  in  many  instances  into 
important  resorts. 

a  Indiana  Dept.  Geo).  Nat.  Remurces,  Twenty-sixth  and  Twenty-seventh  Ann.  Repts.,  pp.  11-158. 
bibid..  pp.  169-224. 
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liOCAMTIBS  FAVORABIiE  FOB  AUTEQIAN  VTEIjUR  IN 

rNl>IANA. 

There  are  no  extensive  ai*eas  in  this  State  where  artesian  wells  may 
be  obtained,  except  perhaps  in  the  northwestern  counties  where  the 
conditions  are  similar  to  those  of  the  neighboring  part  of  Illinois. 
Elsewhere  occasional  flows  have  been  obtained  in  the  valleys  of  the 
main  streams  or  exceptionally  low  parts  of  interfluvial  tracts.  The 
deep  borings  were  sunk  usually  for  the  purpose  of  obtaining  oil  or  gas, 
little  attention  being  given  to  the  head  attained  by  water.  The  data 
are  therefore  insufficient  to  warrant  definite  statements  concerning  the 
head  to  be  expected  at  any  given  place  or  conclusions  concerning  the 
regularity  or  lack  of  regularity  in  the  hydrostatic  pressure. 

Flowing  wells  from  the  drift  have  only  been  obtained  in  very  small 
areas,  which,  like  those  of  Illinois,  are  situated  usually  on  the  iceward 
side  of  prominent  moraines  or  in  the  valleys.  Numerous  instances 
will  be  found  recorded  in  the  papers  by  the  author  referred  to  above. 

MINERAIi  WATERS. 

Mineral  waters  are  of  common  occurrence  in  Indiana,  and  include 
the  waters  of  both  springs  and  wells.  Mr.  W.  S.  Blatchley  has 
recently  made  an  extended  study  of  such  waters  and  has  published  a 
detailed  report  treating  of  their  character  and  uses.*  Over  100  springs 
or  wells  are  described  and  a  large  number  of  analyses  given.  Dr. 
Robert  Hessler  has  made  a  report  on  the  medicinal  properties  and 
uses  of  Indiana  mineral  waters.^ 

Springs  occur  in  nearly  all  parts  of  the  State  and  in  rocks  of  widely 
different  types.  Those  from  the  coal-bearing  rocks  of  the  Carbonif- 
erous are  relatively  small,  but  carry  large  amounts  of  mineral 
matter,  especially  salt,  iron  sulphate,  iron  carbonate,  and  hydrogen 
sulphide.  The  springs  in  the  limestone  regions  generally  carry  much 
lime,  but  hold  little  of  the  substances  mentioned  as  characterizing  the 
Coal  Measure  rocks.  Some  of  these  are  of  great  volume,  welling  up 
from  fissures,  or  from  between  beds,  or  emerging  from  caves.  In 
some  instances  the  volume  is  sufficient  to  furnish  water  power  for 
mills. 

Up  to  1886  few  deep  wells  had  been  drilled,  but  since  that  date  more 
than  14,000  bore  holes  have  been  sunk.  Some  of  these  flowed,  and  in 
many  others  the  water  rose  nearly  to  the  surface.  Large  supplies  are 
sometimes  obtained.  Much  of  the  water  is  highly  mineralized  and  of 
medicinal  value,  and  wells  have  been  developed  in  many  instances  into 
important  resorts. 

a  Indians  Dept  Oeol.  Nat.  Renouices,  Twenty-eixth  and  Twenty-seventh  Ann.  Rept8.,  pp.  11-158. 
Mbid.,  pp.  169-224. 
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liOCAUTIBS  FAVORABIiB  FOB  ABTESIAX  WEIX8  IN 

Iin>IANA. 

There  are  no  extensive  ai'eas  in  this  State  where  artesian  welis  may 
be  obtained,  except  perhaps  in  the  northwestern  counties  where  the  ' 
conditions  are  similar  to  those  of  the  neighboring  part  of  Illinois. 
Elsewhere  occasional  flows  have  been  obtained  in  the  vallej'^s  of  the 
main  streams  or  exceptionally  low  parts  of  interfluvial  tracts.  The  \ 
deep  borings  were  sunk  usually  for  the  purpose  of  obtaining  oil  or  gas, 
little  attention  being  given  to  the  head  attained  by  water.  The  data 
are  therefore  insufficient  to  warrant  definite  statements  concerning  the 
head  to  be  expected  at  any  given  place  or  conclusions  concerning  the 
regularity  or  lack  of  regularity  in  the  hydrostatic  pressure. 

Flowing  wells  from  the  drift  have  only  been  obtained  in  very  small       / 
areas,  which,  like  those  of  Illinois,  are  situated  usually  on  the  iceward       / 
side  of  prominent  moraines  or  in  the  valleys.     Numerous  instances       ' 
will  be  found  recorded  in  the  papers  by  the  author  referred  to  above. 

MIKERAI.  WATERS. 

Mineral  waters  are  of  common  occurrence  in  Indiana,  and  include 
the  waters  of  both  springs  and  wells.  Mr.  W.  S.  Blatchley  has 
recently  made  an  extended  study  of  such  waters  and  has  published  a 
detailed  report  treating  of  their  character  and  uses.**  Over  100  springs 
or  wells  are  described  and  a  large  number  of  analyses  given.  Dr. 
Robert  Hessler  has  made  a  report  on  the  medicinal  properties  and 
uses  of  Indiana  mineral  waters.^ 

Springs  occur  in  nearly  all  parts  of  the  State  and  in  rocks  of  widely 
different  types.  Those  from  the  coal-bearing  rocks  of  the  Carbonif- 
erous are  relatively  small,  but  carry  large  amounts  of  mineral 
matter,  especially  salt,  iron  sulphate,  iron  carbonate,  and  hydrogen 
sulphide.  The  springs  in  the  limestone  regions  generally  carry  much 
lime,  but  hold  little  of  the  substances  mentioned  as  characterizing  the 
Coal  Measure  rocks.  Some  of  these  are  of  great  volume,  welling  up 
from  fissures,  or  from  between  beds,  or  emerging  from  caves.  In 
some  instances  the  volume  is  sufficient  to  furnish  water  power  for 
mills. 

Up  to  1886  few  deep  wells  had  been  drilled,  but  since  that  date  more 
than  14,000  bore  holes  have  been  sunk.  Some  of  these  flowed,  and  in 
many  others  the  water  rose  nearly  to  the  surface.  Large  supplies  are 
sometimes  obtained.  Much  of  the  water  is  highly  mineralized  and  of 
medicinal  value^  and  wells  have  been  developed  in  many  instances  into 
important  resorts. 

a  Indiana  Dept  Geol.  Nat.  Renouices,  Twenty-eizth  and  Twenty-seventh  Ann.  Repts.,  pp.  11-158. 
i>n>ld.,pp.  16»-2M. 
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IX>CAUTrE8  FAVORABIiE  FOR  ABTESIAK  WEI^IiS  IN 

nSTDIANA. 

There  are  no  extensive  areas  in  this  State  where  artesian  wells  may 
be  obtained,  except  perhaps  in  the  northwestern  counties  where  the 
conditions  are  similar  to  those  of  the  neighboring  part  of  Illinois. 
Elsewhere  occasional  flows  have  been  obtained  in  the  valleys  of  the 
main  streams  or  exceptionally  low  parts  of  interfluvial  tracts.  The 
deep  borings  were  sunk  usually  for  the  purpose  of  obtaining  oil  or  gas, 
little  attention  being  given  to  the  head  attained  by  water.  The  data 
are  therefore  insu£Bcient  to  warrant  definite  statements  concerning  the 
head  to  be  expected  at  any  given  place  or  conclusions  concerning  the 
regularity  or  lack  of  regularity  in  the  hydrostatic  pressure. 

Flowing  wells  from  the  drift  have  only  been  obtained  in  very  small 
areas,  which,  like  those  of  Illinois,  are  situated  usually  on  the  iceward 
side  of  prominent  moraines  or  in  the  valleys.  Numerous  instances 
will  be  found  recorded  in  the  papers  by  the  author  referred  to  above. 

MINERAIi  WATERS. 

Mineral  waters  are  of  common  occurrence  in  Indiana,  and  include 
the  waters  of  both  springs  and  wells.  Mr.  W.  S.  Blatchley  has 
recentl}^  made  an  extended  study  of  such  waters  and  has  published  a 
detailed  report  treating  of  their  character  and  uses."  Over  100  springs 
or  wells  are  described  and  a  large  number  of  analyses  given.  Dr. 
Robert  Hessler  has  made  a  report  on  the  medicinal  properties  and 
uses  of  Indiana  mineral  waters.^ 

Springs  occur  in  nearly  all  parts  of  the  State  and  in  rocks  of  widely 
diflferent  types.  Those  from  the  coal-bearing  rocks  of  the  Carbonif- 
erous are  relatively  small,  but  carry  large  amounts  of  mineral 
matter,  especially  salt,  iron  sulphate,  iron  carbonate,  and  hydrogen 
sulphide.  The  springs  in  the  limestone  regions  generally  carry  much 
lime,  but  hold  little  of  the  substances  mentioned  as  characterizing  the 
Coal  Measure  rocks.  Some  of  these  are  of  great  volume,  welling  up 
from  fissures,  or  from  between  beds,  or  emerging  from  caves.  In 
some  instances  the  volume  is  sufficient  to  furnish  water  power  for 
mills. 

Up  to  1886  few  deep  wells  had  been  drilled,  but  since  that  date  more 
than  14,000  bore  holes  have  been  sunk.  Some  of  these  flowed,  and  in 
many  others  the  water  rose  nearly  to  the  surface.  Large  supplies  are 
sometimes  obtained.  Much  of  the  water  is  highl}'^  mineralized  and  of 
medicinal  value,  and  wells  have  been  developed  in  many  instances  into 
important  resorts. 

a  Indiana  Dept.  Qeol.  Nat.  Refiotirce§,  Twenty-sixth  and  Twenty-seventh  Ann.  Repts.,  pp.  11-158. 
bn>id..pp.l6»-22i. 
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The  water  is  to  a  considerable  extent  used  at  the  individual  wells  or 
springs,  but  in  1902  shipments  from  16  springs  amounted  to  273,380 
gallons,  with  a  value  of  $236,501.  The  average  price  per  gallon 
is  the  highest  in  the  country.*  Following  is  a  list  of  the  springs 
reporting: 

Attica  Lithia  Springs,  Attica,  Fountain  County. 

Elliott  Springs,  Willow  V^alley,  Martin  County. 

Emerald  Spring,  Indiana  Mineral  Springs,  Warren  County. 

French  Lick  Springs,  French  Lick,  Orange  County. 

Greenwood  Mineral  Well,  Greenwood,  Johnson  County. 

Kickapoo  Magnetic  Spring,  Kickapoo,  Warren  County. 

King's  Mineral  Spring,  Muddyfork,  near  Dallas,  Clark  County. 

Laxine  Spring,  Mount  Moriah,  Brown  County. 

Lodi  Artesian  Well,  Silverwood,  Fountain  County. 

Magnetic  Mineral  Spring,  Terre  Haute,  Vigo  County. 

Mudlavia,  formerly  Indiana  Mineral  Springs,  Mudlavia,  Warren  County. 

Mudlavia  Artesian  Sulphur  Spring,  Mudlavia,  Warren  County. 

Porter  Mineral  Springs,  near  Porter's  Depot,  Porter  County. 

Shelbyville  Lithia  Spring,  Shelbyville,  Shelby  County. 

West  Baden  Springs,  West  Baden,  Orange  County. 

Winona  Lithia  Spring,  Winona  Lake,  Kosciusko  County. 

PRINCIPAIi  PtTBIilCATIONS. 

Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett:  Eighteenth  Ann.  Rept. 

U.  S.  Geol.  Survey,  pt.  4. 
Wells  of  northern  Indiana,  by  Frank  Leverett:  Water-Supply  and  Irrig.   Paper 

U.  S.  Geol.  Survey  No.  21,  1899. 
Wells  of  southern  Indiana,  by  Frank  Leverett:  Water-Supply  and   Irrig.  Paper 

U.  S.  (ieol.  Survey  No.  26,  1899. 
Description  of  the  Danville  quadrangle,  by  M.  R.  Campbell  and  Frank  Leverett: 

(xeol.  Atlas  U.  S.,  folio  67,  U.  S.  Geol.  Survey. 
Description  of  the  Chicago  district,  by  W.  C.  Alden:  Geol.  Atlas  U.  S.,  folio  81, 

U.  S.  Geol.  Survey. 
Mineral  waters  of  Indiana,  by  W.  S.  Blatchley:  Indiana  Geol.  Survey,  vol.  26,  pp. 

11-158. 
The  medicinal  properties  of  Indiana  mineral  waters,  by  Robert  Hessler:  Indiana 

Geol.  Surv.,  vol.  26,  pp.  159-226. 
Description  of  the  Ditney  quadrangle,  by  M.  L.  Fuller  and  G.  H.  Ashley:  Geol. 

Atlas  U.  S.,  folio  84,  U.  S.  Geol.  Survey! 
Description  of  the  Patoka  quadrangle,  by  M.  I^.  Fuller  and  F.  G.  Clapp:  Geol. 

Atlas  U.  S.,  folio  ia5,  U.  S.  Geol.  Survey. 


<i  Feali!,  A.  C,  Mineral  Kesouree.M  U.  8.  for  1902,  U.  S.  Geol.  Survey,  1904.  p.  996- 


OHIO. 


By  Frank  Leverett. 


INTRODUCTORY  STATEMENT. 

A  somewhat  detailed  discussion  of  drainage  systems,  mineral  springs, 
and  water  supply  for  cities  and  villages  will  be  found  in  a  paper  by 
the  author  which  appears  in  the  Eighteenth  Annual  Report  of  the 
United  States  Geological  Survey.^  The  drainage  features,  both  pres- 
ent and  pre-Glacial,  and  the  glacial  formations  in  their  relation  to  water 
supplies  are  treated  at  some  length  bj^  the  author  in  Monograph  XLI 
of  this  survey.  The  rock  waters  and  flowing  wells  of  Ohio  are  dis- 
(russed  by  Edward  Orton  in  a  paper  in  the  Nineteenth  Annual  Report 
of  the  United  States  Geological  Survey.  The  paper  covers  the  sub- 
ject of  the  relative  value  of  the  several  geologic  formations  as  water- 
bearers.  In  Ohio  the  State  board  of  health  is  required  by  law  to 
approve  all  public  water  supplies  when  introduced,  and  their  reports 
may  be  consulted  for  analyses  made  in  accordance  with  this  law.  A 
report  published  in  1898  contains  an  exceptionally  full  discussion  of 
water  supplies,  and  includes  the  paper  by  Orton,  referred  to  above. 

GEOIiOGIC  COIiUMN. 

[Modified  from  paper  of  Edward  Orton  in  Nineteenth  Annual  Report  of  the  U.  S.  Geological  Survey.] 


Formation.  '    Thickness. 


Feet. 

Recent  deposits,  alluvium,  peat,  marl,  etc !  6-50 

Wisconsin  drift  sheet  (Pleistocene) 0-300 

The  loess  or  white  clay  (Pleistocene) 3-16 

Illinoian  drift  sheet  (Pleistocene) 10-260 

Upper  Barren  Coal  Measures  (Carboniferous) 600± 

Upper  Productive  Coal  Measures  (Carboniferous) 200± 

Lower  Barren  Coal  Measures  (Carboniferous) 500± 

Lower  Productive  Coal  Measures  (Carboniferous) 250rb 

Conglomerate  Coal  Measures  (Carboniferous) 250dt 

aWater  resources  of  Indiana  and  Ohio,  Eighteenth  Ann.  Rept,  pt  4,  pp.  42&-609. 
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Formation.  I    ThickneaF. 


Logan  group  (Eocarboniferous) O-300 

Cuyahoga  shale  (Eocarboniferous) ,  150-4oO 

Berea  shale  and  grit  (Carboniferous) ,  25-  15<l 

Bedford  shale  and  sandstone  (Carboniferous) 50-150 

Ohio  shale,  etc.  (Devonian) 250-2,500- 

Comiferous  limestone  (Devonian ) 25-100 

Onondaga  limestone  (Silurian) 20-600 

Niagara  group,  limestone  and  shale  (Silurian) 150-3M 

Clinton  limestone  (Silurian) 20-150 

Medina  shale  (Silurian) 25-150 

Hudson  River  group,  shales  and  limestones  (Ordovician) 300-800 

Utica  shale  (Ordovician) O-300 

Trenton  group  (Ordovician) 300-600 


CHARACTERISTICS   OF  WATERS    OF    DIFFERENT  DEPTHS. 

The  following  general  principles  have  been  stated  by  Orton  in  the 

report  above  mentioned: 

1.  The  subterranean  waters  from  a  comparatively  shallow  depth  carry,  as  a  rule, 
dissolved  carbonates.  Lime  and  magnesia  are  the  leading  bases,  but  potassiuni  and 
sodium  also  occur  in  small  quantities.  Iron  is  unfailingly  present,  and  often  in 
notable  quantity.    These  wells  are  common  sources  of  potable  supply. 

2.  Water  from  a  greater  depth  holds  dissolved  chlorides  as  well.  Chloride  of 
sodium  is  by  far  the  most  common,  but  chlorides  of  magnesium  and  calcium  are  also 
often  added.  The  presence  of  chlorides  is  seldom  shown  in  water  at  less  than  100 
feet  in  depth,  and  where  found  they  are  confined  to  a  few  formations  of  the  Ohio 
column.  It  is  very  rare  that  the  drill  descends  to  300  feet  without  encountering 
saline  water  or  water  too  highly  mineralized  with  other  elements  to  be  acceptable 
for  the  highest  uses.  Aside  from  that  of  a  few  wells  in  glacial  drift  no  water  of  the 
State  is  known  that  comes  from  a  depth  greater  than  500  feet  and  still  remains  free 
enough  from  mineral  solutions  to  warrant  its  use  as  potable. 

3.  Sulphates  are  generally  found  in  the  deeper  waters,  but  are  also  found  in  the 
shallower  waters.  The  most  common  compound  is  calcium  sulphate;  but  sodium 
sulphate  is  not  infrequent. 

4.  Sulphides  also,  particularly  sulphureted  hydrogen,  though  often  rising  to  the 
surface  in  so-called  sulphur  springs,  are  especially  characteristic  of  waters  found 
in  limestones,  and  nearly  all  of  the  water  of  the  great  Ohio  shale  system  is  charac- 
terized in  this  way.  Sulphides  pass  into  sulphates  very  promptly  and  by  reactions 
easily  understood. 

REIiATIVE  VAIiUE  OF  DIFFERENT  ROCK  FORMATIONS  AS 

WATER-BEARERS. 

Of  the  large  number  of  formations  present  in  Ohio,  as  indicated  in 
the  section  above,  Orton  considers  only  the  following  to  be  important 
water-bearers:  Trenton  limestone,  Clinton  limestone,  Niagara  lime- 
stone, Onondaga  limestone,  Comiferous  limestone,  Logan  sandstone, 
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Berea  grit,  Carboniferous  conglomerates,  and  certain  sandstone  beds 
of  the  Coal  Measures. 

Treatiyn  litnestove, — The  waters  of  the  Trenton  limestone  are  all 
highly  mineralized  and  have  a  strong,  bitter,  or  saline  taste;  they  are 
also  charged  heavily  with  sulphureted  hydrogen. 

Clinton  Hmeatofie. — The  Clinton  limestone  affords  a  large  number 
of  springs  along  its  outcrop  in  Preble,  Montgomery,  Warren,  Greene, 
and  Clinton  counties.  This  limestone  when  under  a  deep  cover  of 
later  foimations  carries  water  too  highly  mineralized  for  a  potable 
supply.  It  is  therefore  utililized  for  domestic  purposes  only  along 
the  line  of  outcrop. 

Niagara  limestone, — The  Niagara  limestone  contributes  its  most 
important  supplies  of  water  where  it  immediately  underlies  the 
glacial  drift  in  a  few  counties  in  the  western  part  and  a  narrow  strip 
leading  from  there  southward  to  Ohio  River  in  Adams  County. 
Orton  refers  to  the  effect  of  atmospheric  agencies  in  enlarging  the 
joints  of  the  limestone  and  establishing  underground  reservoirs  and 
channels  for  waters  which  sink  into  this  formation  from  the  overlying 
drift  deposits. 

'Onondaga  limestone, — ^The  Onondaga  limestone  is  considered  by  far 
the  most  important  source  of  underground  water.  The  great  area  of 
its  outcrop  in  the  west-central  and  northern  portions  of  the  State,  as 
well  as  the  thickness  of  the  formation  and  its  soluble  character,  furnish 
the  basis  for  this  estimate.  A  considerable  number  of  cities  and  vil- 
lages depend  upon  this  limestone  for  water  supply. 

Comiferovs  limestone, — ^The  Corniferous  limestone  is  considered  of 
small  importance  as  a  source  of  water  because  of  its  comparatively 
small  area  of  outcrop.  Several  flowing  wells  in  the  city  of  Columbus 
have,  however,  been  obtained  from  it,  and  there  are  numerous  springs 
issuing  from  it  along  the  Scioto  Valley. 

Logan  sandstone, — ^The  Logan  sandstone  is  a  water-bearing  stratum 
wherever  found  at  the  surface.  It  outcrops  prominently  in  Richland, 
Ashland,  and  Wayne  counties.  Artesian  wells  have  been  obtained 
from  it  at  several  points  in  Wayne  County,  and  the  water  supply  of 
Orrville  is  from  this  source. 

Berea  grit. — The  Berea  grit  is  also  a  good  water  bearer  along  the 
line  of  its  outcrop  and  often  affords  supplies  when  covered  by  the 
Cuyahoga  shale  to  moderate  depths.  Such  is  the  case  at  the  village 
of  New  London. 

Coal  Measures, — ^The  Conglomerate  Coal  Measures  contain  a  white 
and  pebbly  sand  of  great  purity — the  Sharon  conglomerate — which  in 
its  outcrop  in  northeastern  Ohio  affords  excellent  wells.  The  city  of 
Massillon  now  derives  its  supply  from  this  source.  Cuyahoga  Falls 
also  stands  on  this  conglomerate  and  the  well>)  of  the  village  are  largely 
obtained  in  it. 
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The  water  supply  of  the  Coal  Measures  proper  is  rather  inferior. 
Excellent  water  can  be  secured  almost  everywhere,  but  it  is  considered 
doubtful  if  the  supply  will  be  adequate  for  the  growing  towns  that  are 
located  within  the  boundaries  of  this  formation.  It  is  probable  that 
the  streams  of  the  region  will  need  to  be  drawn  upon  for  public  water 
supply. 

Drift. — The  glacial  deposits  furnish  by  far  the  largest  amount  of 
potable  water  to  be  obtained  within  the  State.  These  deposits  cover 
nearly  three-fourths  of  the  State,  the  southeastern  portion  only  being 
unglaciated.  The  valley  gravels  have  been  carried  down  the  main 
valleys  of  the  drif tless  portion  of  the  State  and  hold  much  of  the  water 
of  the  valley  drainage  at  convenient  depth  for  wells;  the  quality  of 
water  is  generally  excellent.  The  Illinoian  drift  sheet  extends  beyond 
the  Wisconsin  only  in  a  few  counties  in  the  central  and  southwestern 
parts  of  the  State.  This  drift  sheet  is  composed  largely  of  claj'ey 
material  except  along  the  line  of  pre-Glacial  valleys,  where  there  is 
found  to  be  a  large  filling  of  sand  or  coarser  water-bearing  material. 
Within  the  limits  of  the  Wisconsin  drif  t  the  moraines  are  usually  com- 
posed in  large  part  of  gravelly  or  sandy  material,  but  in  some  cases 
wells  have  to  be  sunk  to  considerable  depth  to  strike  strong  water 
veins.  On  the  plains  between  the  moraines  beds  of  sand  and  gravel 
are  usually  found  sandwiched  between  beds  of  clay  or  till  at  convenient 
depth.  Throughout  the  greater  part  of  the  drift-covered  portion  of 
the  State  good  wells  are  obtained  at  depths  of  50  feet  or  less,  and  there 
are  only  a  few  localities  in  which  it  is  necessary  to  sink  to  depths  of 
100  feet  or  more.  There  are,  however,  localities  in  which  strong 
supplies  are  obtained  at  moderate  depth,  and  yet  borings  have  been 
sunk  100  feet  in  order  to  obtain  flowing  wells. 

Much  of  the  surface  portion  of  the  drift  is  a  clayey  material  which 
protects  wells  obtained  in  underlying  deposits  from  surface  contami- 
nation. Even  the  areas  covered  by  great  glacial  lakes  in  the  north- 
west part  of  the  State  have  usually  a  clayey  soil,  the  principal  excep- 
tion being  a  belt  of  sand  north  of  Maumee  River  in  Fulton  and  Lucas 
counties.  The  relation  of  wells  to  drift  formations  may  be  seen  by 
reference  to  the  map,  PI.  XVIII. 

LOCAIilTIES  FAVORABI^  FOR  ARTESIAN  WEIiliS. 

Artesian  wells  from  rock  formations  are  comparatively  rare,  although 
the  water  is  usually  under  considerable  hydrostatic  pressure.  Orton 
calls  attention  to  strong  flowing  wells  near  Orrville  obtained  from  the 
Logan  conglomerate  or  sandstone  and  to  flows  at  Massillon  from  the 
Sharon  conglomerate  and  to  a  few  others  at  points  scattered  over  the 
State.  There  appears  to  be  no  extensive  areas  of  artesian  water  open 
to  development  in  the  State  from  any  of  the  rock  formations.  The 
glacial  deposits  are  a  much  more  productive  field  for  exploration. 
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Flowing  wells  have  been  obtained  without  entering  the  rock  in  a 
belt  on  the  inner  slope  of  the  great  morainic  system  that  runs  from 
southeastern  Michigan  across  northwestern  Ohio  into  Indiana.  Hun> 
dreds  of  wells  have  already  been  obtained  in  Williams,  Defiance,  and 
Fulton  counties.  The  wells  range  from  shallow  fountains,  differing 
but  little  from  boiling  springs,  in  which  pipes  are  driven  only  10  to 
!^0  feet  into  the  ground  up  to  borings  nearly  200  feet  in  depth.  In 
much  of  that  region  the  thickness  of  the  drift  is  150  to  200  feet  or 
more.  Flowing  wells  are  also  found  along  the  line  of  deep  pre-Glacial 
channels  in  Allen,  Auglaize,  and  Mercer  counties  at  depths  ranging 
from  100  feet  or  less  up  to  350  feet,  and  wells  have  in  some  cases  been 
continued  to  depths  of  more  than  400  feet  without  striking  the  rock. 
Records  of  many  of  these  wells  are  presented  in  the  report  by  Orton, 
mentioned  above.  There  are  many  other  places  in  Ohio  where  flowing 
wells  are  found  in  small  areas  of  a  square  mile  or  less  to  which  atten- 
tion has  been  directed  by  the  author  in  Monograph  XLI.  These  wells 
are  usually  on  the  iceward  slope  of  moraines,  and  the  region  of  intake 
is  probably  restricted  largely  to  the  moraine  adjacent  to  them.  They 
are  of  various  depths,  from  20  feet  or  less  up  to  100  feet  or  ipore. 
Probably  further  exploration  with  deep  borings  would  enlarge  such 
flowing  well  areas  or  increase  the  number  of  areas  in  which  flows  are 
obtained,  for  in  a  great  many  districts  the  occurrence  of  abundant 
water  at  moderate  depths  has  freed  the  residents  from  the  necessity 
of  drilling  deeply  to  test  the  chances  for  artesian  waters. 

MINERAIi  SPRINGS. 

Both  the  drift  and  the  rocks  of  Ohio  yield  a  considerable  number  of 
springs.  The  springs  of  the  drift  vary  with  the  nature  of  the  local 
materials,  but  are  generally  hard  and  may  carry  much  iron.  The 
'  rock  waters  of  the  Coal  Measures  are  frequently  salt  or  chalybeate, 
while  those  of  the  limestones  are  generally  hard.  Many  of  the  springs 
have  been  developed  as  resorts,  while  others  place  their  water  on  the 
market  for  medicinal  or  other  purposes.  Twenty  such  springs  reported 
sales  in  1902,  the  amount  of  which  aggregated  1,948,840  gallons,  with 
a  value  of  ^1 72,746.*    The  springs  reporting  are  as  follows: 

Alba  Spring,  Rockfort,  Cuyahoga  County. 

Arcadian  Springs,  Mineral  Springs,  Adams  County. 

Buckeye  Lithia  Spring,  near  Martins  Ferry,  Belmont  County. 

Concord  Crystal  Spring,  Concord,  Lake  County. 

Crum  Mineral  Spring,  Austintown,  Mahoning  County 

Crystal  Rock  Spring,  near  Sandusky,  Erie  County. 

Deerfield  Mineral  Springs,  Deerfield,  Portage  County. 

Fargo  Mineral  Springs,  Ashtabula,  Ashtabula  County. 

Green  Spring  Artesian  Mineral  Well,  Green  Springs,  Sandusky  County. 

Knisely  Mineral  Springs,  Bucyrus,  Crawford  County. 


a  Peale,  A.  C,  Mineral  Resources  U.  S.  for  1908,  U.  8.  Oeol.  Survey.  1904,  p.  996. 
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La  Fountaine  Springs,  Foantain  Park,  Champaign  County. 
Magnetic  Magnesia  Well,  Canton,  Stark  County. 
Oakridge  Spring,  Greensprings,  Sandusky  County. 
Fainesville  Mineral  Spring,  Painesville,  Lake  County. 
Puritas  Spring,  Rockport,  Cuyahoga  County. 
Purtlebaugh  Mineral  Spring,  Urbana,  Champaign  County. 
Rex  FiBrro-Lithia  Springs,  New  Richmond,  Clermont  County. 
Ripley  Brom-Lithia  Springs,  Ripley,  Brown  County. 
Talewanda  Mineral  Springs,  near  College  Corner,  Preble  County. 
Wheeler  Mineral  Springs,  Youngstown,  Mahoning  County. 

PRINCIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No.  32, 

pp.  130-134. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  21-28. 
Water  resources  of  Indiana  and  Ohio,  by  Frank  Leverett:  Eighteenth  Ann.  Rept. 

U.  S.  Geol.  Survey,  pt.  4. 
Rock  waters  of  Ohio,  by  Edward  Orton:  Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey, 

pt  4.  .  . 


WEST  VIRGINIA. 


By  M.  L.  Fuller. 


West  Virginia  has  tlirough  a  large  portion  of  its  area  a  rugged 
topography.  It  is  mountainous  only  in  the  eastern  part,  where  it 
borders  the  Appalachian  ridges,  but  even  in  the  western  portion  it  is 
so  cut  by  streams  with  intervening  narrow  ridges  that  there  is  little 
even  moderately  level  land,  except  the  narrow  strips  along  some  of  the 
streams.  The  conditions  are  therefore  very  favorable  for  springs, 
which,  with  spring-fed  streams,  constitute  the  main  source  of  water 
supply  over  a  large  part  of  the  State. 

Topographically  and  geologically  it  may  be  divided  into  two  distinct 
belts:  (1)  The  Appalachian  Mountain  belt,  including  the  Shenandoah 
Valley,  and  (2)  the  Cumberland  Plateau. 

APPALACHIAN  MOUNTAIN  BEIiT. 

This  term  is  here  used,  as  elsewhere  in  the  report,  in  its  broad  sense, 
and  includes  the  area  of  folded  rocks  lying  between  the  crystalline 
rocks  of  the  Piedmont  Plateau  of  Virginia  on  the  east,  and  the  area  of 
gently  folded  to  nearly  flat  rocks  of  the  Allegheny  Plateau  on  the  west. 
The  belt  is  crossed  by  the  "handle"  of  West  Virginia,  and  a  narrow 
strip  along  its  whole  eastern  boundary  is  included.  The  rocks  are 
mainly  Cambrian,  Silurian,  and  Devonian  in  age,  although  a  few  small 
areas  of  Carboniferous  rocks  are  included,  especially  near  the  western 
borders  of  the  belt.  The  rocks  include  quartzites,  sandstones,  shales, 
and  limestones,  the  latter  occurring  principally  in  the  Shenandoah 
Valley  at  the  extreme  eastern  extension  of  the  panhandle,  and  as  a 
strip  along  the  western  base  of  the  mountain  belt.  The  former  belongs 
to  the  Cambro-Silurian  rocks,  and  the  latter  to  the  Carboniferous. 

Except  in  the  Shenandoah  and  other  smaller  valleys,  this  area  is 
thinly  inhabited,  and  small  springs  constitute  the  main  source  of  water 
supply.  In  the  limestone  valleys  wells  are  sometimes  resorted  to, 
but  reliance  in  the  main  is  placed  on  cisterns,  because  of  the  uncer- 
tainty of  the  occurrence  of  water  in  the  limestone.  A  few  large 
springs  issue  from  the  limestones,  from  the  more  porous  sandstones, 
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and  more  rarely  from  the  shales.  The  waters  are  often  mineralized 
and  of  medicinal  value,  and  a  considerable  number  of  springs  have 
been  developed  as  resorts.     Some  of  the  waters  are  thermal. 

CUMBERIiAND  PIjATEAU. 

The  greater  portion  of  the  area  of  the  State  falls  within  what  may 
be  termed  the  Cumberland  Plateau,  which  may  be  considered  as  enter- 
ing the  State  from  Kentucky  on  the  south.  The  plateau  does  not 
present  an  even  surface,  but  has  been  cut  by  streams  until  only  nar- 
row-crested ridges  remain  to  represent  the  original  level.  In  a  broad 
way  the  slope  is  to  the  northwest,  away  from  the  mountains,  the  alti- 
tude varying  from  3,500  feet  at  the  western  base  of  the  mountains  to 
less  than  1,000  feet  near  the  Ohio  River.  The  river  bottoms  are  sunk 
several  hundred  feet  below  the  upland  level.  At  the  northern 
boundary  of  the  State  the  Cumberland  Plateau  merges  with  the 
Allegheny  Plateau  of  Pennsylvania. 

The  rocks  belong  mainly  to  the  coal-bearing  division  of  the  Car- 
boniferous, and  are  either  inclined  at  a  low  angle  or  gently  folded. 
Because  of  the  numerous  springs  few  attempts  have  been  made  to 
obtain  water  by  deep  borings,  but  the  wells  drilled  for  oil  and  gas  fre- 
quently obtain  abundant  water,  some  of  which  flows  in  the  synclines 
or  under  other  favorable  conditions. 

The  stratified  deposits  along  Ohio  River  and  some  of  the  other  large 
streams  yield  good  water  to  shallow  wells,  but  their  area  is  limited. 

MTNT^RAL,  8PRING8. 

In  1902  nine  springs  reported  sales  of  mineral  water.  The  total 
output  is  stated  to  be  92,310  gallons  and  to  have  a  value  of  $25,343.* 
Several  of  the  springs  are  also  developed  as  resorts. 

Capon  Springs,  Capon  Springs,  Hampshire  County. 

Greenbrier  Alum  Spring,  near  Lewisburg,  Greenbrier  County. 

Greenbrier  White  Sulphur  Springs,  White  Sulphur  Station,  Greenbrier  County. 

Magnesia  Spring,  No.  2,  near  Wheeling,  Ohio  County. 

Manacea  Irondale  Spring,  near  Independence,  Preston  County. 

Pence  Spring,  Pence  Springs,  Summers  County. 

Red  Sulphur  Springs,  Red  Sulphur  Springs,  Monroe  County. 

Triplet  Well,  Calf  Creek,  Grant  District,  Pleasants  County. 

Webster  Springs,  Webster  Springs,  Webster  County. 

PRi:N^CIPAIi  PUBIilCATIONS. 

Mineral  springs  of  the  United  States,  by  A.  C.  Peale:  Bull.  U.  S.  Geol.  Survey  No. 

32,  pp.  69-73. 
Preliminary  list  of  deep  borings  in  the  United  States,  pt.  2,  by  N.  H.  Darton:  Water- 

Supply  and  Irrig.  Paper  U.  S.  Geol.  Survey  No.  61,  pp.  61-64. 


a  Peale,  A.  C,  Mineral  Rcaources  U.  S.  for  1902,  U.  S.  Qeol.  Survey,  1904  p.  996. 
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mineral  springs  in 157 

publications  on  water  resources 

of 158 

wells  in 154 

Geyser  springs,  discussion  of 32 

Glacial  drift.     See  Drift. 
Glacial  till.     Bee  Till ;  Drift. 
Glenn,   L.   C,   paper   by,   on   under- 
ground  waters  of  South 

Carolina 140-152 

paper  by,  on  underground  waters 
of  Tennessee  and  Ken- 
tucky    108-208 

Gneiss,  water  In 28 

Grand  Gulf  group  in  Alabama,  ex- 
tent of 166 

in    Alabama,    water    resources 

of 166-167 

in  Mississippi,  water  resources 

of 176-177 

Grand  Isle,  Vt.,  wells  at 64 

Granite,  porosity  of 23 

water  in 28 

Graydon     sandstone     in     Missouri, 

springs  from 218 

Grayel  and  sand,  water  from,  char- 
acter and  amount  of 25 
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Greenyille,  Me.,  wella  at 48 

Gregory,  H.  B.,  paper  by,  on  under- 
ground waters  of  Con- 
necticut   76-81 

Ground  water,  occurrence  and  amount 

of 24 

sources  of 18-21 

See  also  Underground  water. 

Gulf  coast,  rainfall  along 19 

Gulf  Coastal  Plain  of  Kentucky,  geol- 
ogy and  water  resources 

of 207-208 

of    Tennessee,    water    resources 

of 202-204 

H. 

Hall,  C.  W.,  paper  by,  on  under- 
ground waters  of  Mlnne- 
soU 226-232 

Harrison,  Me.,  spring  at,  water  from, 

analysis,  flow,  etc.,  of 54,  56 

Hatchetigbee  formation  In  Missis- 
sippi, water  resources  of-       174 

Henrietta     formation     in     Missouri, 

water  resources  of 213 

Highland  Plain  of  Tennessee,  water 

resources  of 200-202 

Holmes,  J.  A.,  information  furnished 

by 136 

Hudson    group    in    Indiana,    water 

resources  of 260 

in  Michigan,  water  resources  of.      245 

I. 

Illinois,  artesian  wells  in,  localities 

favorable  for 252-254 

drift  in,  map  showing  thickness 

of 252 

geologic  column  of 248-250 

geologic  map  of 248 

mineral  springs  of 256 

publications  on  water  resources 

of 257 

water-bearing  formations  of 250-252 

waters  of,  character  of 254-256 

Impervious   rock,   spring  at  outcrop 

of,  plate  showing 30 

Indiana,  artesian  wells  In,  localities 

favorable  for 262 

drift  In,  map  showing  thickness 

of 262 

geologic  column  of 258-259 

geologic  map  of 260 

mineral  springs  of 263-264 

publications  on  water  resources 

of 264 

water-bearing  formations  of —  259-262 
Iowa,    artesian    localities    in,    map 

showing 222 

geologic  section  of 221 

mineral  springs  of 225 

publications  on  water  resources 

of 225 

rainfall  In 20 

underground  waters  of 220-225 

Irrigation  in  Connecticut 81 
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Jackson  beds  in  Louisiana  and 
southern  Arlcansas,  char- 
acter of 180,  186 

in  Mississippi,  character  of 176 

Johnson,  L.  C,  paper  by,  on  under- 
ground waters  of  Missis- 
sippi   171-178 

Johnson,    Vt.,    spring    water    from, 

analysis  of 63 

Jointed   rock,   wells   in,   supply   for, 

figure  showing 28 

Joints,   circulation   of   water   along, 

figure  showing 35 

definition  of,  and  effect  on  pas- 
sage of  water 23 

in  Newark  system  of  New  Jer- 
sey           06 

openings  of,  plate  showing 22 

springs  along,  map  showing 32 

Jordan  sandstone  in  Iowa,  water  re- 
sources of 223 

in  Minnesota,  water  resources  of.      227 

K. 

Kentucky,  mineral  springs  in 208 

publications  on  water  resources 

of 208 

springs  in 206,  207,  208 

water     resources     and     geology 

of 205-208 

Keweenawan  series  In  Wisconsin  dis- 
trict, occurrence  and 
character  of 234 

Kingflcid,  Mo.,  spring  near,  water 
from,  analysis,  fiow,  etc., 
of    54,55 

KIttatlnny  Valley.  N.  J.,  geology  and 

water  supply  of 04 

Knapp,  (t.  N.,  paper  by,  on  under- 
ground waters  of  New 
Jersey 03-103 

Knobstone     formation     in     Indiana. 

water  resources  of 260 

L. 

Lafayette  formation  In  Alabama,  ex- 
tent and  water  resources 
of 166 

in  Georgia,  character  of 153 

In  Maryland,  character  of 117 

In  Mississippi,  character  of 177 

in  South  Carolina,  geology  of_  148-140 
in  Tennessee,  geology  and  water 

resources  of 204 

In  Virginia,  character  of 128 

Lake.     See  next  word  of  name. 
Lake  deposits  of  Wisconsin  district, 

water  resources  of 230 

Lakes,  public  supplies  obtained  from, 

in  Maine 45 

Lane,  A.  C,  cited  on  underground 
waters  of  Lower  Mich- 
igan        242 


PaBf». 

Leverett,  Frank*  paper  by,  on  under- 
ground waters  of  Illi- 
nois   248-257 

paper  by,  on  underground  waters 

of  Indiana 25^264 

on   underground   waters   of 

Ohio 265-270 

Lewiston,  Me.,  spring  near,  water 
from,  analysis,  flow,  etc., 

of 54,  55 

Lexington  Plain  of  Kentucky,  water 
resources      and      geology 

of 206-2O7 

Lignitic  group  in  Alabama,  artesian 

horizons  In 168-16J> 

in  Kentucky,  water  resources  of_       2ff7 
in      Mississippi,      geology      and 

water  horisons  of 174-175 

in  Tennessee,  geology  and  water 

resources  of 203-204 

Limestone,  porosity  of 23 

water      from,      character      and 

amount  of 27 

wells  obtaining  water  from,  vari- 
ation in  supply  of.  figure 

showing 27 

Lisbon  formation  in  Alabama,  water 

resources    of 175 

Lockatong  beds  in  New  Jersey,  char- 
acter of 06 

Locksburg,  Ark.,  section  from  Cam- 
eron, La.,  to 1H3 

Iioess    in    Tennessee,     geology    and 

water  resources  of 2(»4 

Tx)gan  sandstone  in  Ohio,  water  re- 
sources of 267 

liong  Island,  Maine,  spring  on.  water 

from,  use,  etc 51 

Louisiana,  mineral  springs  of 1S6 

publications  on  water  resources 

of 1S7 

sections  in 183,184 

Louisiana  and  southern  Arkansas, 
artesian    areas    In,    map 

showing 1S2 

deep    water    prospects    in,    map 

showing —       XAi 

geology    of 179-lSn 

water  horizons  in 181-1S*> 

wells  in 182,183 

lx)wer  Ilelderberg  limestone  in  Indi- 
ana, water  resources  of 260 

Lower  Magneslan  limestone  in  Wis- 
consin district,  occur- 
rence and  character  of 236 

in  Wisconsin  district,  water  re- 
sources of 23? 

Sec  al8o  Oneota  formation. 
Lower  Marshall  sandstone  in  Mich- 
igan, water  resources  of.       246 

M. 

McCallle,  S.  W.,  paper  by,  on  under- 
ground waters  of  Geor- 
gia   153-158 
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Magothy     formation     In    Maryland, 

character  of 117 

In  Maryland,  water  horisons  In.       110 
Maine,  flowing  wells  In.  map  showing 

location  of 49 

geology  of 41-42 

lakes  used  for  public  supplies  In.         4S 

private  supplies  in 47-50 

public  supplies  In 43-47 

publications  on  water  resources 

of    66 

rivers  used  for  public  supplies  in.         44 

springs  in 48-50 

spring  used  for  public  supplies 

in 40 

topography  of 41 

wells  In 40-48 

Maquoketa  shale  iu  Iowa,  character 

of 224 

Marals   des    Cygnea   shales    in    Mis- 
souri, water  resources  of.       213 
Marlon,    S.    C,   crystalline   floor   at. 

depth  to 140 

Marl  series  in  New  Jersey,  subdivi- 
sions of 98 

Marlbrook  formation  in  Louisiana 
and    southern    Arkansas, 

character   of .-   __       180 

Maryland,  publications  on  water  re- 
sources of 123 

sections  In 118,120 

springs   in 115-110 

streams  in-..    110 

topography  and  geology  of 114-115 

water  horizons  in 118-120 

wells  In ll(i-ll9,  121.  122,  123 

Massachusetts,  geology  of  Rhode  Is- 
land  and OS-09 

mineral  springs  in 73-75 

principal   publ  lent  Inns  on   wnter 

resources    of 75 

water-supply  areas  In  Khmle  Is- 
land and 00-73 

waters  of,  normal  chlorine  In 73 

Matawan     formation     In     Delaware, 

character  of 111 

Medina  beds  In  Indiana,  water  re- 
sources of 200 

Michigan,  lower,  geologic  map  of 243 

mineral  springs  of 240-247 

publications  on  water  resources 

of 247 

section  across 244 

topography  and  geology  of 242 

underground  waters  of 242-247 

Michigan  series  in  Michigan,  water 

resources  of 240 

Midway  beds  in  TiOulsIana  and 
southern  Arkansas,  char- 
acter of 180 

In  Mississippi,  character  of 174 

Mineral  springs.     See  Springs,  min- 
eral. 
Minnesota,   artesian    basin    In.    map 

showing 229 
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Minnesota,  artesian  basins  in 22S-230 

publications  on  water  resources 

of 232 

rainfall  in 20 

springs   in 231-232 

water  resources  of 22ft-232 

wells  In '. 231 

Mlssisquol  Spring,  Vt.,  water  from, 

anal3'8l8  of 64 

Mississippi,  geologic  map  of 172 

geology  and  underground  waters 

of 171-177 

mineral  springs  of 177-178 

publications  on  water  resources 

of 178 

springs  in 171, 

173, 174,  175,  176,  177-178 

wells  in 171, 

172,  173,  174.  175.  176,  177 

Mississippi  delta,  rainfall  in 19 

Mississippi-Great  Lakes  basin,  char- 
acter of  and  water  condi- 
tions In 40 

MIssIsslpplan  rocks  of  Mississippi, 
geology  and  water  re- 
sources of 171 

See  alfto  names  of  formations. 

Missouri,  artesian  wells  In 214-215 

geologic  map  of 210 

geology  of --    --        210 

mineral  springs  of 219 

publications  on  water  resources 

of 219 

section  through 211 

springs   In 212. 

213-214,  21.->.  210.  217,  218,  219 

topography  of 209 

underground  waters  of 211-218 

water   resources  of,   map  show- 
ing         212 

wells   In--  211-212,214,  21.'>,  210,  217 
Monroe  limestone  in  Michigan,  water 

resources  of 245 

Montpeller,  Vt.,  water  system  at 00 

Municipal  supplies.  See  Public 
water-supply  systems. 

N. 

Nacatoch  sand  in  Louisiana  and 
southern  Arkansas,  water 
resou  rces  of 180,1 83-1 84 

Naheola    formation    in    Mississippi, 

water  resources  of 174 

Nanafalia  formation   in   Mississippi, 

sprlngs^  from 174 

Napoleon     sandstone     In     Michigan, 

water  resources  of 246 

Nashua   Valley,   Mass.,   geology   and 

water  supply  of 72 

Nashville  basin,  Tenn.,  water  re- 
sources of 201 

Navesink    formation    In    Delaware, 

character   of 111 

New  England,  rainfall  In 20 
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New  Hampshire,  geology  of 57-58 

publlcatioDs  on  water  resources 

of   -—         59 

springs  In 59 

topography  of 57 

wells  In 58 

New  Jersey,  geology  and  water  sup- 
ply  of 94-103 

mineral  springs  In 102-103 

publications  on  water  resources 

of 103 

sections  across  southern 96 

topographic  provinces  of 93-94 

underground     water    areas    In, 

map  showing 93 

wells   In   Coastal   Plain,   statis- 
tics  of 98-100 

New  Richmond  sandstone  In  Minne- 
sota, water  resources  of-       227 

In  Wisconsin,  correlation  of 223 

New  York,  geology  and  underground 

waters  of 83-87 

map  showing  geologic  areas  and 

spring  localities  In 84 

mineral  springs  of 87-91 

physiography  of 82-83 

publications  on  water  resources 

of   92 

springs   In 83,  84,  85,  86.  87-91 

wells  In 83,84,85,86 

Newark  area  of  New  Jersey,  geology 

and  water  supply  of 96 

Niagara  limestone  In  Illinois,  water 

resources  of 250,267 

In  Indiana,  water  resources  of 260 

In  Michigan,  water  resources  of-       245 
In  Wisconsin  district,  occurrence 

and  character  of 236-237 

water  resources  of 239 

Nobleboro,   Me.,   spring  near,   water 
from,  analysis,  flow,  etc., 

of 54,56 

Normal  chlorine  In  waters  of  Massa- 
chusetts          73 

North   Carolina,   geology   and   water 

horizons  of 136-139 

mineral  springs  of 139 

publications  on  water  resources 

of 139 

rainfall  In 20 

wells  In  Coastal  Plain  region.  137-138 
Northeast  Harbor,  Me.,  spring  near, 
water  from,  flow,  use,  etc., 

of 51 

Norton,  W.  H.,  paper  by,  on  under- 
ground waters  of  Iowa.  220-225 
Norway,  Me., spring  near,  water  from, 

flow,  use,  etc.,  of 62 

O. 

Ohio,  artesian  wells  In,  localities  fa- 
vorable for 268-269 

drift  In,  map  showing  thickness 

of- 262 


Ohio,  geologic  column  In 265-266 

geologic  map  of 260 

publications  on  water  resources 

of 270 

mineral  springs  In 269-270 

underground   water   in,   charac- 
teristics of 266 

water-bearing  formations  In  _  266-26.S 

■     wells  in 269 

Oneota  formation  in  Iowa,  water  re- 
sources of 223 

in  Minnesota,  water  resources  of       227 
Onondaga  limestone  in  Ohio,  water 

resources  of 267 

Ontario  province,  New  York,  extent 

of 82 

Orangeburg,  S.  C,  crystalline  floor  at, 

depth  to 146 

Ordovidan  rocks  of  Arkansas,  north- 
em,  water  resources  of 191 

of  Iowa,  water  resources  of 223-224 

of   Minnesota,    water   resources 

of 227-228 

of  New  York,  geology  and  water 

supply  of 84-85 

See  also  names  of  formations. 

Orton,  Edward,  on  waters  of  Ohio 260 

Ozark-St  Francis  Dome,  Mo.,  water 

resources  of 21^-218 

P. 

Paleozoic  rocks  in  Arkansas,  north- 
ern, water  resources  of  191-195 
in  Georgia,  geology  and  under- 
ground waters  of 154-155. 

156-157 
in  Ijoulslana  and  southern  Ar- 
kansas, character  of 180 

See  also  names  of  formations. 
Pamunkey    formation    in    Delaware, 

character  of 111 

In  Maryland,  character  of 117 

water  resources  of 119 

in  Virginia,  character  and  water 

resources  of 128-129 

Parma  sandstone  in  Michigan,  water 

resources  of 246 

I'ennsylvanla,    geologic    subdivisions 

of,  flgure  showing 105 

geology  of 104-105 

mineral  springs  in 109 

publications  on  water  resources 

of 110 

streams  and  lakes  in 105-106 

topography  of 104 

wells  In lOe-lOS 

Pentremltal   limestone   In   Arkansas, 

water  resources  of 194 

Perkins,  G.  H.,  paper  by,  on  under- 
ground waters  of  Ver- 
mont   60-67 

Permeability  of  rocks,  discussion  of  .  21-24 
Piedmont  Plateau,  character  and  wa- 
ter resources  of 39 
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Piedmont  Plateau  of  Qeorfcla,  geol- 
ogy     and      underground 

waters   of . 164 

of  Maryland,  extent  and  geology 

of 114 

wells  In lie 

of  New  Jersey,  geology  and  wa- 
ter resources  of 96-97 

wells  and  population  in 101, 102 

of  North  Carolina,  geology  and 

underground  water  of 138 

of  PennsyWania,  extent  of 104 

geology    of 104-10r» 

of  Soutb  Carolina,  geology  and 

water  resources  of 140-146 

of  Virginia,  geology  and  under- 
ground waters  of 132 

Pine  Point,  Me.,  spring  near,  water 

from,  flow,  use,  etc.,  of 61 

Pittsfield,   Me.,   spring   near,    water 

from,  flow,  use,  etc.,  of 61 

Poland,  Me.,  spring  near,  water  from, 

analysis,  flow,  etc.,  of-  62,  64,  66 
Pollution.     Bee  Contamination. 
Pontchartrian    clay    in    Mississippi, 
character  and   water  re- 
sources of 177 

Porosity,  relation  of,  to  occurrence 

of  ground  water 23 

Port  Hudson  group  in  Mississippi, 
character  and  water  re- 
sources of 177 

Porters  Creek  clay  in  Kentucky,  ge- 
ology and  water  resources 

of 207 

in  Tennessee,  water  resources  of       203 
Portland,  Me.,  spring  6|  miles  from, 
water  from,  analysis,  flow, 

etc.,  of 64,56 

Potomac     formation     in     Delaware, 

character   of 111 

in  District  of  Columbia,  geology 

and  water  resources  of.  126-126 
In    Maryland,    water    horizons 

In 118-119,  120.  121,  122 

In   North   Carolina,    occurrence 

and  character  of 136-137 

In  South  Carolina,  geology  and 

water  horizons  of 146-147 

in  Virginia,  character  of  and  wa- 
ter horizons  in 128 

Potsdam  sandstone  in  Illinois,  water 

resources  of .' 250 

In  Wisconsin  district,  occurrence 

and  character  of 284-236 

water  resources  of 237 

porosity  of 23 

Pre-Cambrian  rocks  of  New  York,  ge- 
ology  and   water  supply 

of 83 

of  Wisconsin  district,  occurrence 

and  character  of 234 

See  also  Crystalline  rocks. 
Precipitation.    Bw  iUUiifaU. 
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Public     water-supply     systems     In 

Maine 43-47 

in  Vermont 60-62 

Pumps,  kinds  of 88 

Purdue,  A.  H.,  paper  by,  on  under- 
ground waters  of  north- 
em   Arkansas 188-197 

Q. 

Quartzlte,  water  from,  character  and 

amount  of 27 

Quaternary  rocks  of  Mississippi, 
geology  and  water  hori- 
zons of 177 

of  New  York,  geology  and  water 

supply  of 87 

Bee  aUo  Drift. 

R. 

Rainfall,  amount  of 19-20 

disposal  of 20-21 

in  Connecticut 76 

In  eastern  United  States,  figure 

showing 19 

In  Tennessee- 198 

in  Vermont 60 

relation  of  run-oif  to 20 

Rancocas    formation    in    Delaware, 

character  of 111 

Raritan     formation     in     Delaware, 

character  of 111 

in  New  Jersey,  character  of 97 

Redbank    formation     in     Delaware, 

character  of 111 

Red   River   Valley,   Minn.,   artesian 

conditions  in 230 

Rhode  Island,  geolo^  of  Massachu- 
setts and 68-69 

mineral  springs  In 76 

publications  on  water  resources 

of 76 

water  supply  areas  in  Massachu- 
setts and 69-73 

Ripley  formation  in  Alabama,  water 

resources  of 168 

in  Kentucky,  geology  and  water 

resources  of 207 

in  Mississippi,  water  resources 

of 178 

in  Tennessee,  geology  and  water 

resources  of 208 

Rivers,  public  supplies  obtained  from, 

in  Maine 44 

Rocks,  permeability  and  storage  ca- 
pacity of 21-24 

Rocks,  water-bearing,  discussion  of-  26-28 
Rotten  limestone  in  Tennessee,  geol- 
ogy and  water  resources 
of 203 

Bee  aUo  Selma  chalk. 
Run-off,  relation  of  rainfall  to 20 


282 


INDEX. 


8.  Page. 

Sabine  group  In  T<oai8lana  and  south- 
ern  Arkansas,   character 

and  water  resources  of 180, 

184-185 
Saco,  Me.,  spring  near,  water  from, 

analysis,  flow,  etc.,  of.  51,  54,  55 
Saginaw  Valley,  Mich.,  underground 

waters  in 244 

St.  Albans,  Me.,  spring  near,  water 
from,  analysis,  flow,  etc., 

of 54,56 

St.  Croix  sandstone  in  Iowa,  water 

resources  of 225 

St.  Louis  limestone  In  Illinois,  water 

resources  of 251 

in  Indiana,  water  resources  of 261 

St.  Peter  sandstone  In  Illinois,  water 

resources  of 250 

In  Indiana,  water  resources  of 259 

In  Iowa,  water  resources  of 223 

in    Minnesota,    water    resources 

of 227-228 

In  Missouri,  water  resources  of-       213. 

214,  215,  216 
in  Wisconsin  district,  occurrence 

and  character  of 236 

outcrop  of,  map  showing-^       235 

water  resources  of 238 

Sallna  beds  In  Michigan,  water  re- 
sources of 245 

Salt  springs  in  Missouri 213-214 

Salt  water,  origin  of 18 

Sand,  porosity  of 23 

Sand  and  grayel,  water  from,  char- 
acter and  amount  of 25 

Sandstone,  porosity  of 23 

water      from,      character      and 

amount  of 27 

view  of,  under  microscope 24 

Schistosity,  relation  of,  to  occur- 
rence of  ground  water 23 

Schists,  water  In 28 

Schulta,  A.  K.,  paper  by,  on  under- 
ground waters  of  Wiscon- 
sin  district 233-241 

Sea    water,    ground    water    derived 

from 18 

Seepage,    recovery    of    underground 

water  by 29-30 

Seepage  springs,  discussion  of 30 

Selma  chalk  In  Mississippi,  occur- 
rence of 173 

Severn  formation  In  Maryland,  char- 
acter of 117 

Shakopee  formation  in  Minnesota,  oc- 
currence of 227 

Shepard,  E.  M..  paper  by.  on  under- 
ground waters  of  Mis- 
souri   209-219 

Silurian  rocks  of  New  York,  geology 

and  water  supply  of 8.')— 86 

of    Pennsylvania,    geology    and 

water  supply  of 107 

Bee  qUo  names  of  formations. 
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22 


Sink  hole,  plate  showing 

See  also  Solution  caverns. 

Slate,  cleavage  in.  plate  showing 

water     from,     character     and 

amount  of 27 

Smith,  E.  A.,  paper  by,  on  under- 
ground waters  of  Ala- 
bama    164-170 

Solution  caverns,  relation  of,  to 
occurrence  of  ground 
water    22 

South  Britain,  Conn.,  springs  along 
faults  or  Joints  near,  map 
showing 32 

South   Carolina,  geology  and   water 

horisons  of 140-152 

publications  on  water  resources 

of 152 

sections  In  eastern 148 

springs   In 141-142 

streams  In 145,  152 

subdivisions    and    climatic    fea- 
tures of 140 

wells  In 142-145,  149-152 

South  Poland,  Me.,  spring  at.  water 
from,  analysis,  flow,  etc., 
of 64.56 

Spaulding  well.  Mo.,  description  of 215 

Spring    at    outcrop    of    impervious 

rock,  plate  showing 30 

Spring    water,     analyses    of,     from 

Maine .52-53.  55->'56 

analysis  of,  from  Vermont 63.64 
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LETTER    OF    TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D.  (7.,  July  2S,  1904. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled    ^  *  River 
Surveys  and  Profiles  Made  in  1903,"  which  has  been  arranged  by 
W.  Carvel  Hall  and  John  C.  Hoyt. 

^This  paper  contains  the  results  of  the  cooperative  river  surveys 
carried  on  during  1903  between  the  topographic  and  hydrographic 
branches. 

There  is  a  large  demand  for  the  data  herein  presented  by  engineers 
and  others  interested  in  power  development.  I  therefore  recom- 
mend that  this  manuscript  be  published  as  a  Water-Supply  and 
Irrigation  Paper. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 


RIVER  SURVEYS  AND  PROFILES  OF  1903. 


Arranged  by  W.  C.  Hall  and  J.  C.  Hoyt. 


INTRODUCTION. 

In  order  to  determine  the  location  of  the  undeveloped  water 
powers  on  the  various  rivers  in  the  United  States  the  United  States 
Geological  Survey  has  from  time  to  time  made  surveys  and  profiles  of 
the  more  important  of  the  rivers  on  which  possible  power  sites  were 
known  to  be  located.  The  object  of  these  surveys  is  to  point  out 
localities  where  power  may  be  developed. 

In  the  determination  of  the  river  profiles  the  general  plan  of  survey 
adopted  was  as  follows: 

The  elevations  were  based  upon  reliable  heights  derived  from 
primary  or  precise  levels  of  the  United  States  Geological  Survey. 
On  this  datum,  with  few  exceptions,  lines  of  flying  levels  were  car- 
ried up  the  bank  of  each  stream  and  bench  marks  were  established 
at  intervals  of  about  1  mile,  usually  on  nails  on  tree  roots.  The 
elevations  of  the  surface  of  the  water  at  the  head  and  foot  of  each 
shoal,  rapid,  or  fall  were  noted.  These  levels,  with  few  exceptions, 
have  been  tied  at  both  ends.  In  the  case  of  Broad  River  primary 
levels  were  used  instead  of  flying  levels,  and  regulation  bronze  tab- 
lets left  at  intervals  of  6  miles. 

The  horizontal  control  of  the  survey  was  by  plane  table  oriented  by 
compass,  while  the  distance  was  always  obtained  by  means  of  stadia 
measurements.  To  further  insure  the  accuracy  of  the  work,  the 
stadia  rod  was  so  divided  that  one  division  on  it  equaled  one  division 
of  the  scale  used  in  plotting. 

The  field  sheets  were  plotted  on  the  scale  of  1  :  22,500,  with  the 
exception  of  the  surveys  of  the  Tallulah  and  Tugaloo  rivers,  which 
were  on  the  scale  of  1  :  45,000.  Several  different  runs  of  river  were 
plotted  on  the  same  plane-table  sheet,  the  ends  of  the  different  sec- 
tions being  so  marked  that  there  would  be  no  difficulty  in  joining  them 
and  making  one  continuous  map. 

On  these  sheets  were  shown  the  outlines  of  the  river  banks,  the 
islands,  the  positions  of  rapids,  shoals,  falls,  and  existing  dams,  the 
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crossings  of  all  ferries  and  roads,  and  as  much  of  the  culture  of  the 
river  bottom  as  could  be  obtained  without  leaving  the  immediate 
neighborhood  of  the  river.  The  river  banks  were  contoured  carefully 
and  the  adjacent  river  bottoms  sketched,  all  with  an  interval  of  10 
feet.  On  these  field  sheets  are  marked  in  their  proper  positions  the 
elevations  of  the  various  bench  marks  left,  as  are  also  the  elevations 
of  the  water  surfaces  wherever  obtained. 

For  each  river  surveyed,  first  are  given  a  brief  description,  a  list  of 
the  elevations,  and  a  condensed  profile  of  the  portion  of  the  river 
surveyed. 

The  elevations  as  given  in  the  original  notebooks  have  been 
adjusted  in  accordance  with  the  various  primary  heights  tied  to, 
and  the  figures  herein  given  are  the  ones  obtained  from  this  adjust- 
ment. 

On  file  in  the  Washington  office  are  the  original  topographic  sheets 
and  profiles  on  the  scale  of  1  inch  to  a  mile  horizontal  and  1  inch  to 
100  feet  vertical. 
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BUFFALO  RIVER  FROM  FLATWOODS  TO  LOBELVILLE,  TENN. 

A  line  of  flying  levels  was  run  on  Buffalo  River,  Tennessee,  from  the 
mouth  of  Little  Opossum  Creek,  near  Flatwoods,  to  Standing  Rock 
Ford,  about  3  miles  north  of  Lobelville — a  distance  of  47  miles.  The 
plane-table  survey  was  on  the  scale  of  1 :  22,500.  During  the  course 
of  the  work  28  bench  marks  on  tree  roots  were  marked  and  39  water- 
surface  elevations  were  recorded. 

The  total  fall  of  that  stretch  of  the  river  is  109  feet,  and  is  so  evenly 
distributed  that  there  seems  to  be  no  power  site  of  any  value.  There 
are  now  two  crude  dams,  one  near  Linden  and  the  other  near 
Lobelville,  supplying  power  for  small  gristmills,  but  at  neither  place 
do  the  conditions  warrant  the  construction  of  more  substantial  dams. 

The  soil  near  the  river  is  fertile  and  well  adapted  to  the  cultivation 
of  corn,  hay,  and  peanuts. 

The  elevations  in  the  following  list  are  based  upon  an  assumed 
elevation  of  537.25  feet  for  the  water  surface  at  the  mouth  of  Little 
Opossum  Creek  as  interpolated  from  contours  sketched  on  the  Man- 
nie  sheet.  The  assumed  elevation  is  probably  within  20  feet  of 
correct  datum. 
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The  leveling  was  done  October  4  to  31,  1903,  under  the  direction  of 
Oscar  Jones,  topographer,  by  Ralph  Hutchins,  levelman. 
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Fig.  1.— Proflle  of  Buffalo  River  from  Flatwoods  to  LobelvlUe,  Tenn. 


KlexHitions  on  Buffalo  RiveVf  Tennessefy  from  Little  Opossvm  Creek  to  Standing  Rock  Ford 


Difltance 
in  miles. 


0.0 

.0 
3 

.6 
1.0 
1.2 
2.1 
2.2 
4.1 
4.1 
6.3 

6.2 

8.9 

8.9 

10.6 

10.8 

n.9 


Little  Opossum  Creek,  mouth  of;  east  side  of  river  at  ford,  hack  berry 
tree,  nail  in  root  of 


Surface  of  water 

East  side  of  river  at  ford,  nail  in  root  of  elm  tree 

Ford,  east  side  of,  dead  sycamore  tree,  nail  in  root  of 

Ford,  125  feet  north  of;  east  side  of  river,  nail  in  root  of  sycamore  tree. 

Surface  of  water 

Ford,  south  side  of  river,  nail  in  root  of  sycamore  tree 

600  feet  north  of  ford,  surface  of  water 

Sinking  Creek,  east  side  of  river,  maple  tree,  nail  in  root  of 

Sinking  Creek,  mouth  of,  surface  of  water 

Ford,  275  feet  north  of,  north  bank  of  river,  east  side  of  highway,  at 
angle,  nail  in  root  of  sycamore  tree 

Ford,  650  feet  west  of;  surface  of  water 

50  feet  from  river,  south  side  of;  sycamore  tree,  nail  in  root  of 

Surface  of  water 

Ford,  east  bank  of  river,  sycamore  tree,  nail  in  root  of 

Hurricane  Creek,  mouth  of;  surface  of  water 

Hurricane  Creek,  1.1  miles  from;  50  feet  east  of  ford,  nail  in  root  of 
beech  tree 


Elevation 
in  feet. 


537.25 

533 

532.26 

531.59 

532.32 

528 

529.06 

525 

524.90 

520 

521. 16 

512 

510. 01 

503 

500.70 

498 

504.17 
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Elevations  on  Buffalo  River,  Tennessee^  from  Little  Opossum  Creek  to  Standing  Roek 

Ford — Continued. 


Distance 
in  miles. 


11.9 
13.2 
13.2 
15.2 
15.2 
15.5 
16.6 
16.8 
17.3 
17.3 
19.9 
19.9 
21.3 
21.3 
22.3 
22.3 
22.6 
22.6 
23.7 
23.7 
24.2 
24.2 
26.1 
26.1 
26.6 
26.6 
28.1 
29.7 
30.3 
30.3 
31.9 
31.9 
31.9 
34.3 
34.3 
35.  4 
36  4 
40.9 
41.2 


Elevatioo 
in  feet. 


Surface  of  water 

At  ford,  east  bank  of  river,  nail  in  root  of  willow  tree 

Surface  of  water 

At  ford,  south  bank  of  river,  nail  in  root  of  maple  tree 

Ford,  800  feet  west  of;  surface  of  water 

Ford,  south  bank  of  river,  nail  in  root  of  sycamore  tree 

Ford,  east  bank  of  river,  nail  in  root  of  sycamore  tree 

County  bridge,  west  abutment,  bolt  in  base  of  girder 

Ford,  east  bank  of,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Coon  Creek  Ford,  east  bank  of  river,  nail  in  base  of  willow  tree 

Ford,  350  feet  north  of,  surface  of  water 

Ford,  106  feet  west  of;  west  bank  of  river,  nail  in  base  of  willow  tree. 

Ford,  surface  of  water 

Ford,  east  bank  of  river,  screw  in  base  of  sycamore  tree 

Ford,  surface  of  water 

Brush  creek,  east  bank  of  river,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Above  dam,  surface  of  water 

Below  dam,  surface  of  water 

Ford,  west  bank  of  river,  top  of  large  rock 

Ford,  600  feet  h:  low,  surface  of  water 

Ford,  west  bank  of  river,  top  of  large  rock 

Surface  of  water 

Beardstown,  east  bank  of  river,  at  ford,  nail  in  root  of  sycamore  tree. 

650  feet  below  ford,  surface  of  water 

Ford,  west  bank  of  river,  nail  in  root  of  sycamore  tree 

Ford,  east  bank  of  river,  nail  in  root  of  hackberry  tree 

Ford,  south  bank  of  river,  road,  south  side,  nail  in  root  of  sycamore  tree. 

Ford,  650  feet  below,  surface  of  water 

Above  dam,  surface  of  water 

Below  dam,  surface  of  water 

Ford,  south  bank  of  river,  road,  west  side,  nail  in  root  of  sycamore  tree. 

J^'ord,  east  bank  of  river,  nail  in  base  of  sycamore  sapling 

Surfac<»  of  water 

Dodson  Ford,  east  bank,  top  of  rock 

Hester  Ford,  surface  of  water 

Logan  Ford,  south  bank,  west  side  of  road,  nail  in  base  of  willow  tree. 
Standing  Rock  Ford,  south  bank,  nail  in  root  of  maple  tree 


4<M 

489.53 

487 

4H4.23 

482 

4&5.15 

482.29 

499.45 

483.03 

477 

476.42 

471 

470.04 

467 

469.70 

465 

467. 29 

465 

4W 

459 

450.32 

457 

454.16 

452 

454.24 

451 

452.90 

449. 51 

445. 47 

441 

441 

435 

438.32 

434.02 

431 

430. 51 

426.59 

419.  OS 

420.61 
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CATAWBA   RIVER    FROM    MARION,  N.  C,  TO  CONNELLY   SPRINGS, 

N.  C. 

Catawba  River  was  surveyed  from  the  Halltown  road  crossing,  near 
Marion,  N.  C,  down  the  river  to  the  mouth  of  Johnsons  Mill  Creek, 
near  Connelly  Springs,  N.  C. — a  distance  of  45  miles.  A  line  of  flying 
levels  was  run  in  connection  with  the  plane-table  stadia  traverse,  which 
was  on  the  scale  of  1 :  22,500,  based  on  a  permanent  bench  mark  of  the 
United  States  Geological  Survey  at  Marion,  N.  C.  This  flying  line  is 
connected  with  a  precise  line  along  the  Southern  Railway,  run  by  the 
Geological  Survey  in  1896,  at  Bridgewater,  Glen  Alpine,  Morganton, 
and  Connelly  Springs,  at  each  of  which  points  there  is  a  permanent 
bench  mark.  There  were  only  three  temporary  bench  marks  set 
along  the  river,  but  there  were  160  water-surface  elevations  recorded, 
all  of  which  were  adjusted  to  the  mean  reading  on  the  gage  estab- 
lished at  the  upper  bridge  near  Morganton.  The  work  was  done  in 
July,  August,  and  September,  1903,  by  R.  C.  Howard  and  S.  A.  Oben- 
shain,  under  the  direction  of  W.  C.  Hall,  topographer. 

In  the  stretch  of  river  surveyed  there  is  a  total  fall  of  243  feet.  At 
present  there  is  only  one  crude  dam — at  John  River  Road  Ford, 
where  there  is  a  fall  of  4  feet,  supplying  power  to  operate  Hunter^s 
gristmill.  There  is  a  dam  site  near  Connelly  Ford.  The  combined 
fall  of  two  shoals  about  half  a  mile  apart  is  12.3  feet  and  a  long,  rocky 
island  in  the  lower  part  of  the  shoal  would  somewhat  facilitate  the 
construction  of  a  dam.  At  this  point  the  river  is  about  200  feet  wide, 
with  rocky  cliffs  on  both  banks.  The  river  bottom  is  very  fertile, 
the  principal  crops  being  com  and  hay. 

EJlevcUicms  on  Catawba  River  between  HaUtovm  Road  and  Connelly  Springs  ^  N.  C. 


Distance 
in  mileB. 


Elevation 
In  feet 


0. 0  Halltown  Road  Ford,  head  of  island,  head  of  shoals,  surface  of  water 

.  1  Foot  of  sho&ls,  surface  of  water 

.  2  Head  of  shoals,  surface  of  water 

.  2  Foot  of  shoals,  surface  of  water. 

.  5  Head  of  shoals,  surface  of  water 

.  7  I  Foot  of  shoals,  surface  of  water 

1.1'  Mouth  of  North  Fork,  0.5  mile  above,  head  of  shoals,  surface  of  water 

1. 1  Foot  of  shoals,  surface  of  water 

1. 3     Head  of  shoals,  surface  of  water, 

1. 3     Foot  of  shoals,  surface  of  water 

1. 7  i  Head  of  shoals,  surface  of  water 

1. 8  Foot  of  shoals,  surface  of  water 

2. 1  '  Head  of  shoals,  surface  of  water 

2. 3  .  Foot  of  shoals,  surface  of  water 

a  Adjusted  to  bench  mark  at  Marion;  McDowell  County  court-house;  west  face,  at 
portico,  bronze  tablet  marlLed  "  1438  ";  elevation,  1,436.857  feet. 


olj 

189 

187 

187 

• 

184 

184 

179 

179 

177 

177 

175 

174 

172 

170 

167 

south  end  of 
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Elevatums  on  Catawba  River  between  HaOtown  Road  and  Connelly  Sj/rings,  N.  C. — Coo  I'd 


Distance 
in  miles. 


2.4 

3.2 

3.4 

3.4 

4 

4.2 

4.4 

4.4 

4.7 

4.7 

4.8 

4.8 

5.1 

5.1 

5.3 

5.3 

5.4 

5.4 

5.7 

5.8 

6 

6 

6.1 

6.1 

6.6 

6.7 

6.9 

7 

7.3 

7.3 

7.5 

7.5 

7.8 

7.8 

8.2 

8.5 

8.5 

8.7 

9.2 

9.2 

9.8 

9.8 


Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

North  bank  of  island,  foot  of  shoals,  surface  of  water 

Head  of  island,  head  of  shoals,  surface  of  water 

Foot  of  island,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Connelly  Ford,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Small  island  in  shoals,  foot  of  shoals,  surface  of  water 

Between  larpe  islands,  head  of  shoals,  surface  of  water 

Foot  of  islands,  foot  of  shoals,  surface  of  water 

At  head  of  broad  flood  channel,  head  of  shoals,  surface  of  water. 

Foot  of  shoals,  surface  of  water 

At  foot  of  broad  channel,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

John  River  Road,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

e 
Just  below  ford,  head  of  shoals,  surface  of  water 

;  Foot  of  shoals,  surface  of  water 


Elevation 
in  fept. 


166 

157 

156 

ISi 

153 

146 

146 

141 

140 

137 

137 

134 

134 

133 

133 

131 

131 

130 

130 

127 

126 

126 

125 

124 

124 

122 

122 

119 

119 

116 

110 

115 

115 

114 

113 

108 

108 

105 

103 

102 

101 

099 
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^Jl^txUiom  on  Catavoba  River  between  BaUtoum  Road  arid  CanneUy  SpringSf  N.  C. — Cont'd. 


Olstanoe 

in  miles. 


10 

10.2 

10.8 

10.9 

11.1 

11.1 

11.6 

11.6 

12 

12 

12.4 

12.4 

13 

13.1 

13.3 

13.3 

13.5 

13.7 

13.9 

13.9 

14.4 

14.4 

14.5 

14.5 

14.6 

15 

15 

15.1 

15.2 

15.2 

15.4 

15.5 

15.8 

15.9 

16.4 

16.8 

17 

17.2 

18 

18.1 


Elevation 
in  feet. 


Head  of  island,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 1, 

Head  of  shoals  at  head  of  island,  surface  of  water 1, 

Foot  of  island,  foot  of  shoals,  surface  of  water li 

Head  of  shoals,  surface  of  water 1, 

Foof  of  shoals,  surface  of  water 1 

Just  above  dam,  surface  of  water 1 

Below  ford,  foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  waler 1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water 1 

F\X)t  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water |  1 

Below  head  of  island,  head  of  shoals,  surface  of  water 1 

Foot  of  two  islands,  foot  of  shoals,  surface  of  water '  1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water ,  1 

Head  of  shoals,  surface  of  water |  1 

Foot  of  shoals,  surface  of  water I  1 

Bridgewater,  in  front  of  station,  top  of  north  rail «1 

Head  of  shoals,  surface  of  water i  1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Just  above  head  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water '  1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  ot  wator 1 

Foot  of  shoals,  surface  of  water '  1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water !  1 

Head  of  shoals,  surfaa^  of  water |  1 

Foot  of  shoals,  surface  of  water 1 

Just  above  head  of  upper  island,  head  of  shoals,  surface  of  water 1 

Between  island  and  south  bank  of  river,  foot  of  shoals,  surface  of 


099 

094 

094 

092 

092 

089 

089 

084 

083 

079 

079 

079 

078 

075 

075 

074 

074 

070 

070 

070 

069 

069 

095.7 

068 

068 

067 

066 

066 

065 

062 

062 

062 

061 

061 

058 

056 

054 

054 

051 

049 


water 1 

(I  Bridgewater,  0.4  mile  east  of;  bridge  seat  at  west  end  of  Muddy  Creek  Bridge,  2.75  feet  south  of  south 
rail,  copper  bolt  marked  "  U.  S.  O.  S.,  1091;"  elevation,  1,060.549  feet. 
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Elevations  on  Caiauha  River  between  HaUlown  Road  and  Connelly  Spring,  A'.  C. — ContU 


Distance 
in  miles. 


18.2 

18.4 
18.7 
18.7 
18.9 
19.1 
19.6 

19.8 

19.8 

20.1 

20.3 

20.4 

20.9 

20.9 

21.3 

21.3 

21.5 

21.7 

22 

22.4 

22.5 

23.4 

23.7 

23.7 

24 

24.3 

25 

25 

25.4 

25.  4 

26.6 


'    Elevtttion 
in  fc«t. 


Mouth  of  Linvillc  River,  below  ford,  at  licad  of  island  and  south 
bank,  head  of  shoals,  surface  of  water 

Between  island  and  south  bank,  foot  of  shoals,  surface  of  water 

Head  of  small  island,  head  of  shoals,  surface  of  water , 

Center  of  island,  foot  of  shoals,  surface  of  water 

Head  of  two  small  islands,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  wat^r 


Long  narrow  island  along  north  bank,  head  of  short  shoal,  surface 
of  water 


Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Above  ford,  head  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  large  island,  head  of  shoals,  surface  of  water 

250  feet  below  foot  of  lar^  island,  foot  of  slu  als,  surface  of  water. 

Ford,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Avery  Ford,  50  feet  above,  head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


I 


Between  long  island  and  north  bank  of  river,  head  of  shoals,  surface 
of  water 


1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1, 
1 
1 
1 
1 
1 
1 
«1 
1 
1 
1 

1 
1 


(M)9 

26.  6  I  Foot  of  shoals,  surface  of  water 1 ,  007 

27. 2     Surface  of  water 1, 006 

I 

28. 1  Head  of  shoals,  surface  of  water i  1, 004 

28. 2  Head  of  long  narrow  island,  foot  of  shoals,  surface  of  water ■  1, 003 

29         Greenlea  Ford,  head  of  shoals,  surface  of  water '  1 ,  001 

29.  1      Foot  of  shoals,  surface  of  water 1, 001 

n  Circuit  from  White  Ford  to  Avery  Ford  is  adjusted  to  Glen  Alpine.  73.2  feet  north  of  north  rail  of 
main  track,  southeast  corner  of  brick  basement  of  Uennessee  dlr  Co.'s  store,  bronze  tablet  marked 
'i21o;"  elevation,  l,2i:{.<>44  feet. 


04.S 
016 
045 
045 
045 
010 
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0:ii5 
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032 
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026 
006 
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023 
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016 
015 
013 
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012 
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b^UvatioiM  on  Catawba  River  between  HalUawn  Road  and  ConneUy  Sj)ring9t  N.  C. — Cont'd. 


Distance 
in  mile0. 


29.4 

29.6 

29.9 

29.9 

30.2 

31.7 

32 

33 

33.5 

34.2 

34.4 

34.8  ! 

35.  5  I 
37.1  I 
37.9 

38.5 


38.5 
38.7 
40.7 
40.7 
41.2 
41.2 

41.4  I 

41.4 

41.6  I 

I 
41.8  I 

41.9 

43.6  , 

43.6  I 

43.8  ' 

43.8 

44.5  ! 
44.5 


Between  island  and  mouth,  head  of  shoals,  surface  of  water 

Foot  of  island,  foot  of  shoals 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Upper  Moi^ganton  Bridge,  head  of  shoals  under,  surface  of  water. . . 
Fleming  Ford,  head  of  islands  at,  head  of  shoals,  surface  of  water. 

Foot  of  shoals,  surface  of  water 

Lower  Morgan  ton  Bridge,  under,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Below  island  at  mouth  of  creek  on  pouth  bank,  foot  of  shoals,  surface 
of  water 


Elevation 
in  feet. 


Mouth  of  John  River,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Huffman  Ferry,  north  bank,  west  side  of  road,  nail  in  post 

Huffman  Ferry,  at  east  comer  of  Huffman's  house,  nail  in  root  of 
tree  at 

Surface  of  water 

Head  of  shoals,  surface  of  water .^ 

At  mouth  of  creek  on  south,  head  of  shoals,  surface  of  wxter 

Foot  of  shoals,  surface  of  water 

Head  of  large  island,  head  of  shoals,  surface  of  water 

Between  island  and  north  bank  of  river,  foot  of  shoals,  surface  of 


water. 


Foot  of  island,  head  of  shoals,  surface  of  water. 
Foot  of  shoals,  surface  of  water 


Lovelady  Ford,  at  head  of  small  island  between  lai^  island  and 
south  bank,  head  of  shoals,  surface  of  water 

Lovelady  Ford,  north  bank  of  river,  surface  of  water 

Foot  of  large  island  at  foot  of  shoals,  surface  of  water 

County  Feny ,  200  feet  south  of;  west  side  of  road,  nail  in  box  alder 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


1,000 

998 

998 

997 
^996 

992 

968 

986 

986 

977 

976 

974 
972 
969 
963 
974.2 

1,011.75 
961  • 
959 
957 
956 
955 

955 
955 
955 

954 
953 
951 
968.8 
948 
947 
947 
947 
ft  946 


a  Upper  Morganton  Bridge  line  adjusted  to  Morganton,  Burke  County  court-house,  extreme  north- 
west comer  of  north  portico,  bronze  tablet  marked  "  1182; "  elevation,  1.190-774  feet. 

b  ConneUy  Springs,  142.4  feet  north  of  north  rail  of  main  track,  James  Hudson's  brick  store,  south 
front,  near  east  comer,  bronze  tablet  marked  "  1193; "  elevation,  1,191-762  feet. 

Johnson  Mill  Creek  flows  into  Catawba  1.6  milon  below  County  Ferry,  south  side  of  river. 

Note.  -Water-surface  elevations  adjusted  to  mean  gage  reading  1.8  feet  at  Upper  Morganton  Bridge 
Elevation  of  1.8-footmark,  996.3  feet. 
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TALLULAH  RIVER  BELOW  BLALOCK,  GA. 

Tallulah  River  rises  in  Habersham  and  Rabun  counties,  Ga.,  flows 
in  a  southeasterly  direction,  and  joins  Chattooga  River  a  little  below 
TaUulah  Falls,  thus  forming  Tugaloo  River.  During  August,  1903, 
this  river  was  surveyed  between  Tallulah  Falls,  Ga.,  and  the  mouth 
of  Persimmon  Creek,  near  Blalock,  Ga.  The  distance  between  these 
points  is  about  33  miles,  and  there  is  a  fall  of  451  feet.  The  survey 
consisted  of  a  Une  of  primary  levels  based  upon  the  United  States 
Geological  Survey  bench  mark  at  Tallulah  Falls,  and  a  plane-table 
survey  of  the  course  of  the  river.  The  field  sheets  were  plotted  on  a 
scale  of  1 :  22,500,  30  bench  marks  were  established,  and  69  water- 
surface  elevations  obtained. 

Tallulah  River  is  a  typical  mountain  stream  and  is  subject  to 
sudden  freshets.  As  the  Chattooga  is  of  the  same  character  the 
Tugaloo  is  a  dangerous  stream,  a  rise  of  1.6  feet  per  hour  for 
three  consecutive  hours  being  recorded  on  March  23,  1903,  at  the 
Southern  Railway  bridge  near  Toccoa,  Ga.  On  this  occasion  the 
river  rose  15.2  feet  in  eighteen  hours. 

Tallulah  River  crosses  the  fall  line  at  Tallulah  Falls,  Ga.  In 
this  vicinity  is  some  of  the  most  picturesque  and  rugged  scenery 
in  the  Southern  States.  In  3  miles  the  river  drops  from  1,415  to 
755  feet  above  sea  level,  or  a  distance  of  660  feet.  The  principal 
falls,  in  the  order  in  which  they  occur,  are  L'eau  D'or,  28  feet;  Tem- 
pesta,  76  feet;  Hurricane,  89  feet;  Oceana,  41  feet;  Bridal  Veil,  17 
feet — all  in  a  distance  less  than  three-fourths  of  a  mile.  On  either 
bank  are  precipitous  cliffs,  rising  in  some  places  500  feet  sheer.  The 
gorge  continues  to  the  Tugaloo,  with  the  exception  of  one  place  about 
one-half  mile  long,  where  it  opens  up  and  forms  what  is  known  as  the 
Old  Valley  farm.  On  either  side  the  country  is  covered  with  woods, 
but  not  a  great  deal  of  merchantable  timber  appears  to  be  available. 

In  2  miles,  above  Tallulah  Falls,  the  river  has  a  fall  of  110  feet. 
At  the  head  of  this  fall  the  bottom  widens  into  a  valley  which 
appears  to  be  an  excellent  basin  for  storing  water.  Three  and  one- 
fourth  miles  farther  upstream  at  an  unnamed  shoal  with  a  12-foot 
fall,  there  is  a  fair  site  for  a  dam.  The  bottom  is  rocky,  and  there 
are  steep  hills  on  either  side. 

Five  miles  farther  upstream  is  a  shoal  with  a  25-foot  fall,  steep 
hills  on  either  side,  and  hard  rock  bottom.  Just  above  Denton  Ford 
is  a  23-foot  shoal  about  three-fourths  of  a  mile  long  where  there  i;5 
a  splendid  site  for  a  dam. 

The  fall  in  the  lower  Tallulah  below  the  falls  is  about  250  feet. 
A  large  portion  of  this  fall  can  be  used  for  power  without  interfering 
with  the  resort  at  Tallulah  Falls.  By  installing  an  electrical  plant 
at  the  upper  end  of  Old  Valley  farm  a  good  power  could  be  obtained. 
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The  elevations  in  the  following  Ust  are  based  upon  the  elevation 
of  a  bronze  tablet  in  rock  70  feet  east  of  the  public  road  and  20 
feet  south  of  Tallulah  Falls,  station  marked  "  1569  Atlanta."  This 
elevation  is  accepted  as  1,568.302  feet  above  mean  sea  level  in  accord 
with  the  1903  adjustment  of  the  precise-level  net.  The  line  is  cor- 
rected to  accord  with  primary  work  at  mouth  of  river  and  at  Burton. 

The  leveling  was  done  in  1903,  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  O'Hagan,  levelman. 
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Fro.  2.— Profile  of  Tallulah  River  below  Blalock,  Oa. 
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Elevations  on  TdUvlah  River  from  movJhf  near  TaHtdah  Falls,  to  near  Blaloekf  Oa. 


Elevation 
in  feet 


0.0 
.0 
.0 

.2 

.3 

.4 

.6 

.9 
1.3 
1.6 
1.7 
1.8 
2 

2.1 
2.2 
2.2 
2.25 


Junction  of  Cliattooga  and  Tallulah  rivers,  surface  of  water 

100  feet  north  of  junction  rivers,  edge  of  river,  point  on  rock 

200  feet  north  of  junction  rivers,  west  side  of  Tugaloo  River,  gum 
tree,  nail  in  root  of 

Chattooga  River,  500  feet  north  of,  west  side  of  Tallulah  River,  nail 
in  root  of  oak  stump 

Surface  of  water 

Mouth  of  small  stream,  surface  of  water 

150  feet  west  of  river 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Foot  of  rapids,  surface  of  water 

Middle  of  rapids,  surface  of  water 

Head  of  rapids,  surface  of  water 

Foot  of  rapids,  surface  of  water 

Surface  of  water 


754 
761.29 

762.65 

769.46 

767 

782 

799.86 

818 

848 

878 

893 

911 

935 

944 

947 

954 

964 


20 


RIVER   SURVEYS    AND    PROFILES    OF   1903. 


[so.  11 


Elevations  an  TaUuJah  River  from  mouthy  near  TaUulak  FaUsy  to  near  Blalocky  Ga. — Coot'd 


Distance 
in  miles. 


2.3 

2.35 

2.38 

2.4 

2.5 

2.6 

2.6 

2.65 

2.8 

2.85 

3.1 

3.1 

3.1 
3.2 
3.2 
3.3 
3.4 
3.6 


3.6 


3.6 


4.9 

4.9 

5.1 

5.5 

5.6 

5.6 

6 

6.5 

6.6 

7.3 

7.3 

8.4 


!    Elev&tir-ii 
in  feet. 


Foot  of  small  falls,  surface  of  water 

Foot  of  rapids,  surface  of  water 

300  feet  below  bend,  head  of  rapids,  surface  of  water 

Surface  of  water 

Surface  of  water 

Bridal  Veil  Falls,  foot  of,  surface  of  water 

Head  of  faUs,  surface  of  water 

Surface  of  water 

Oceana  Falls,  foot  of,  surface  of  water 

Head  of  falls,  surface  of  water 

Hurricane  Falls,  foot  of,  surface  of  water 

Head  of  Hurricane  Falls,  surface  of  water 

Tempesta  FaUs,  foot  of,  surface  of  water 

Tempesta  Falls,  head  of,  surface  of  water 

L'eau  d'or  Falls,  foot  of,  surface  of  water 

L'eau  d'or  Falls,  head  of,  surface  of  water 

Surface  of  water 

Surface  of  water 

Clayton  Road  iron  highway  bridge,  surface  of  water 

Tallulah  Falls  station,  70  feet  east  of  public  road,  20  feet  south  of 
station,  in  rock,  bronze  tablet  marked  ''  1569  Atlanta'' 


981 
987 
980 
997 
1.008 


1 


Tallulah  Falls,  0.5  mile  northeast  of;  at  forks  of  road,  50  feet  south 
of  bridge  over  river , 


Clayton  Road  iron  highway  bridge,  0.5  mile  north  of  Tallulah  Falls, 
floor  of 

Surface  of  water 

Opposite  stone  pier  railroad  bridge,  surface  of  water 

Surface  of  water '. 

On  rock,  surface  of  water 

Foot  of  falls,  surface  of  water 

Top  of  falls,  surface  of  water 

Surface  of  water 

Head  of  island,  surface  of  water 

20  feet  west  of  Tallulah  Falls  Railroad,  point  on  top  of  rock 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

150  feet  east  of  river,  in  cornfield,  dead  apple  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 


022 

039 

a57 

074 

115 

140 

229 

246 

322 

322 

350 

379 

396 

414 

568.302 

457.92 

441.  S7 

419 

439 

449 

459 

486 

492 

509 

530 

538.21 

529 

538 

553 

559 

579. 23 

569 

573 
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Klev€Uum8  on  Tallulah  River  from  mouthy  near  TaUulah  FaUsy  to  near  BJaloiJct  Oa. — Cont'd. 


Distance 

in  miles. 


I 


Elevation 
In  feet. 


8.6 
8.7 
8.7 
9.6 

9.6 
9.9 

10 

10.2 

10.4  I 

10.5  ' 
10.6 
10.9 
11.8 

11.8  ' 
12.1 
13.3 

I 

13.3 
13.8 
13.8 
14.4 
14.5 
14.6 

15.6  , 
15.6 
16.2 

16.5  , 
16.6 

17.7  ' 
18.4  . 

18.6  I 
18.6  ! 
19.2 
20.6 

20.9  ; 

21.4  I 

21.5  I 
21.5  ' 

21.8  [ 

21.9  I 


Surface  of  water 

65  feet  north  of  river,  in  cornfield,  walnut  tree,  nail  in  root  of. 
Surface  of  water 


Tiger  Creek,  on  point  of  land  between  river  and  creek,  burnt  poplar 
tree,  nail  in  side  of 

Surface  of  water 

Surface  of  water 

5  feet  west  of  river,  in  footpath,  point  on  sharp  rock 

Surface  of  water 

Surface  of  water 

10  feet  west  of  river,  nail  in  root  of  beech  tree 

Surface  of  water 

Surface  of  water 

Crane  Ford,  150  feet  west  of,  apple  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Dockens  Ford,  12  feet  west  of  river,  nail  in  side  of  dead  tree 

Surface  of  water 

Ellord  Ford,  150  feet  east  of,  at  bend  of,  poplar  tree,  nail  in  side  of . . . 

Surface  of  water 

Surface  of  water •. 

Surface  of  water 

Eden  Church,  150  feet  west  of,  150  feet  east  of  river,  nail  in  root  of 
large  red-oak  tree 

Taylor  Shoals,  10  feet  west  of  river,  middle  of,  point  on  large  flat  rock. 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

James  Smith  boat  landing,  2  feet  west  of  river,  nail  in  stump 

Fall  Creek,  mouth  of,  surface  of  wat«r 

Jones  Ford, 6  feet  south  of  river, slanting  persimmon  tree, nail  in  side  of 

Surface  of  water 

Flat  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Cliff  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Denton  Ford,  10  feet  west  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

Mouth  of  small  stream,  surface  of  water 

Seal  Creek,  mouth  of,  foot  of  double  shoals,  surface  of  water 


1, 
1, 

1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


578 
589.25 

578 

ouu.  tSU 

589 

595.59 

592 

596 

601.32 

600 

603 

620.33 

607 

610 

623.06 

615 

634.36 

621 

626 

628 

649.41 

644.90 

641 

648 

657 

657 

670.53 

669 

677.33 

674.6 

681 

687 

690 

697 

703.61 

701 

703 

704 
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Elevations  on  TaUulah  River  from  mouth,  near  TaUulah  Falls ,  to  wtar  Blaloek,  Ga. — Cont'd. 


Distance 
In  miles. 


22 

22.3 

22.6 

22.6 

22.7 

24 

24.5 

25 

25.1 

25.1 

25.6 

25.6 

25.9 

26.2 

26.3 

26.4 

27 

27.3 

27.3 

28.2 

28.2 

28.5 

28.5 

29.3 

29.5 

29.6 

30.1 

30,1 

30.1 

30.1 

30.2 

32.1 

32.1 

32.4 

32.7 

32.7 

33 

33.1 

33.2 


Surface  of  water 

Middle  of  shoals,  surface  of  water 

Crow  Ford,  100  feet  south  of,  10  feet  south  of  river,  twin  hemlock 
tree,  nail  in  root  of , 

Surface  of  water 

Scarecrow  Creek,  mouth  of,  surface  of  water 

George  Creek,  mouth  of,  surface  of  water 

Bridge  Creek,  mouth  of,  surface  of  water 

In  shoals,  surface  of  water 

Ford,  surface  of  water 


At  above  ford,  south  edge  of  river,  point  on  rock 

Rocky  Ford,  10  feet  south  of,  dead  hemlock  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Kenny  Creek,  mouth  of,  surface  of  water 

Fuller  Ford,  surface  of  water 

Fuller  Ford,  500  feet  northwest  of,  point  on  rock 

Surface  of  water -. 

Cannon  Ford,  75  feet  southwest  of,  nail  in  root  of  white  oak 

Surface  of  water 

Ford,  west  side  of,  nail  in  root  of  red  gum  tree 


Surface  of  water 

Wildcat  Creek,  50  feet  southwest  of,  west  side  of  road,  point  on  rock. 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Dicks  Creek,  surface  of  water 

Burton,  12  feet  southwest  of  bridge,  nail  in  root  of  maple  tree 

Floor  of  bridge 

Surface  of  water 

High-water  mark 

Burton,  1,000  feet  above  bridge,  15  feet  east  of  river,  10  feet  west  of 


road,  bronze  tablet  marked  " 


12  feet  west  of  ford,  nail  in  side  of  ash  tree 

Surface  of  water 

Surface  of  water 

Murford,  100  fe^t  southwest  of,  nail  in  west  side  of  white-oak  tree. . 

Surface  of  water 

Rocky  Ford,  surface  of  water 

Shallow  Ford,  500  feet  southeast  of,  in  road,  point  on  rock 

Surface  of  water 


Elevaticm 
in  feet. 


1,707 
1,714 

1,725.93 

1,724 

1,727 

1,737 

1,738 

1,747 

1,749 

1,750.29 

1,758.47 

1,756 

1.757 

1,760 

1,760 

1,762.62 

1,767 

1,781.97 

1,769 

1.777.87 

1,774 

1,783.19 

1,776 

1,785 

1,787 

1,789 

1,794.96 

1,806.4 

1,790 

1,804 

1,795.140 

1,819.(M 

1,813 

1,819 

1.838.05 

1,824 

1,829 

1,841.48 

1,835. 
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Elevaiioni  on  TaUvhh  River  from  mouthy  near  TdUulah  FaUe,  to  near  Blalockj  Oa. — Cont'd. 


Distance 
in  miles. 


33.6 

33.6 

34.3 

35 

35.8 


Deep  Ford,  30  feet  south  of,  nail  in  side  of  sycamore  tree 

Surface  of  water 

Popcorn  Creek,  mouth  of,  surface  of  water 

Deep  Ford,  3  feet  east  of,  nail  in  side  of  beech  tree 

Persimmon  Creek,  75  feet  east  of  river,  30  feet  south  of  creek,  nail 
in  side  of  hickory  tree 


Elevatioii 
in  feet. 


1,842.39 
1,839 
1,849 
1,862.03 

1,881.67 


TUGALOO  RIVER  BELOW  TALLULAH  FALLS,  QA. 

Tugaloo  River,  which  flows  in  a  southeasterly  direction  between 
Georgia  and  South  Carolina,  is  a  continuation  of  Savannah  River, 
and  extends  from  the  mouth  of  Seneca  River  to  the  mouth  of  Chat- 
tooga  River.  The  bed  of  the  stream  is  in  Georgia.  The  survey  of 
this  river  covered  a  distance  of  50i  miles.  It  connected  with  the 
survey  of  Savannah  River  at  Andersonville,  and  extended  past  the 
mouth  of  the  Chattooga  along  the  Tallulah  as  far  as  Tallulah  Falls. 
The  primary  levels  were  based  upon  the  United  States  Geological 
Survey  bench  mark  at  Parkesville,  Ga.  Nine  bench-mark  tablets 
and  64  temporary  bench  marks  were  established,  and  98  water-surface 
elevations  were  obtained.  The  plane-table  sheets  were  plotted  on 
a  scale  of  1 :  22,500  for  that  portion  of  the  survey  above  the  mouth 
of  the  Chattooga;  from  that  point  to  Owens  Shoals  the  scale  was 
1 :  45,000;  between  Owens  Shoals  and  Andersonville  it  was  1 :  22,500. 

From  the  head  of  the  Tugaloo  to  a  point  about  one  mile  above 
the  mouth  of  Panther  Creek  the  banks  are  very  steep,  but  are  not 
so  marked  as  along  the  Tallulah,  except  in  some  places  where  there 
is  a  cliff  on  one  side.  Below  the  point  above  mentioned  the  bottom 
is  from  one-fourth  to  three-fourths  mile  wide  in  most  places,  the 
soil  being  very  fertile  and  in  a  high  state  of  cultivation.  Cotton 
is  the  main  crop,  with  com  next,  wheat,  rye,  sugar  cane,  etc.,  com- 
bined making  but  a  small  percentage  of  the  yield.  The  timber  is 
very  scattered. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  marked  '^  1050  M.  C'  at  Washington  street  entrance  to  the 
State  capitol  at  Atlanta,  the  elevation  of  which  is  now  accepted 
as  1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  which 
these  levels  depend  is  a  bronze  tablet  at  north  side  of  east  entrance 
at  court-house  at  Clarksville,  Ga.,  marked  "  1373  Atlpnta,*'  the  eleva- 
tion of  which  is  accepted  as  1,371.991  feet  above  mean  sea  level, 
in  accord  with  the  1903  adjustment  of  the  precise-level  net. 
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The  leveling  was  done  in  1903  under  the  direction  of  Carroll  Cald- 
well, field  assistant,  by  T.  B.  O'Hagan,  levelman. 

All  permanent  bench  marks  are  marked  with  the  letters  "Atlanta'* 
in  addition  to  the  figures  of  elevation. 


Miles  55        50        45        40        35        30        25        20        15 


750 


10 


Fio.  3.— Profile  of  Tugaloo  River  below  Tallnlah  FaUs,  Oa. 
Elevations  jrom  ClarJcsviUef  via  TumerviUe,  to  TaUuldh  Falls,  Oa. 


Clarksville,  Habersham  County  court-house,  north  side  of  east  entrance,  bronze 
tablet  marked  "1373  Atlanta" 


Clarksville,  0.7  mile  southeast  of,  west  side  of  road,  nail  in  root  of  oak  tree. . . 

ClarksviUc,  2  miles  east  of,  south  of  track,  nail  in  root  of  old  stump 

Clarksville,  1.5  miles  east  of  station,  dogwood  tree,  nail  in  root  of 

Clarksville,  2.5  miles  east  of,  at  railroad  crossing,  south  of  track,  oak  tree,  n&il 
in  root  of 

Clarksville,  4.5  miles  east  of,  oak  stump,  nail  in  root  of 

Clarksville,  6  miles  east  of,  nail  in  root  of  oak  tree 

Clarksville,  7.5  miles  east  of,  nail  in  root  of  oak  tree 

TumerviUe  station,  30  feet  north  of,  nail  in  root  of  cottonwood  tree 

Tumerville,  1.9  miles  northeast  of,  south  of  track,  nail  in  root  of  oak  tree. . . 

TumerviUe,  3.2  miles  northeast  of  station,  nail  in  stump  of  gum  tree 

TumerviUe,  4  miles  northeast  of,  at  road  crossing  east  of  track,  nail  in  root  of 
persimmon  tree 

Tallulah  Lodge,  40  feet  east  of  track,  naU  in  side  of  hickory  tree 

Tallulah  Falls  station,  20  feet  south  of,  70  feet  east  of  public  road,  rock,  ' 
bronze  tablet  marked  "  1569  Atlanta  " 


TaUulah  Falls,  0.5  mUe  north  of  east  of,  at  forks  of  road,  50  feet  south  of 
bridge  over  river 


Elevation  in 
feet 


1,371.991 
1,436.35:^ 
1,444 
1,457.576 

1,419.40 
1,440.10 
1,513.52 
1,475,66 
1,542.98 
l,590.4xS 
1,588.  as 

l,612.a3 

i,eo5.w 

1,568.302 
1,457.92 
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Elevation  from  point  2  milts  south  of  TaUvlah  Falls  south  down  Tugaloo  and  Savannah  rivers 

to  moiUh  of  Broad  i^tiwr,  Lisbon^  Ga. 


l\iraerville,  3.2  miles  east  of  station,  nail  in  stump  of  gum  tree 

Tumerville,  4.3  miles  east  of,  nail  in  root  of  oak  tree 

Tumerville,  4.4  miles  east  of,  nail  in  root  of  pine  tree 

Tumerville,  5.1  miles  east  of,  south  of  road,  point  on  rock 


Elevation  In 
feet. 


1,588.65 

1,504.20 

1,386.10 

979.72 


Distance 
in  miles. 


0.0 

.0  ; 
.0 

.o' 

.7 

.8 
2 
2 

2.1 
2.4 
2.8 
2.8 
2.9 
3.1 
4.4 
4.4 

5.3 

5.4 

5.4 

5.4 

6.3 

6.4 

7.4 

7.5 

8 

8.9 

8.9 
9.9 


EhvaHons  on  Tugaloo  River  below  Talltdah  Falls. 


Junction  of  Tallulah  and  Chattooga  rivers,  200  feet  northwest  of, 
gum  tree,  west  side  of  Tallulah  River,  nail  in  root  of  gum  tree 

Junction  of  rivers,  100  feet  northwest  of;  edge  of  river,  point  on  rock. 

Junction  of  Tallulah  and  Chattooga  rivers,  water  surface 

Tugaloo  River,  head  of,  pine  tree,  nail  in  root  of 

I 

Island,  head  of,  surface  of  water ' 

Surface  of  water 

Surface  of  water 

West  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Hickory  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Small  stream,  mouth  of,  surface  of  water 

Panther  Creek,  mouth  of,  surface  of  water 

Panther  Creek,  600  feet  south  of  mouth  and  50  feet  west  of  river, 
west  edge  of  public  road,  in  large  rock,  bronze  tablet  marked  '^715 
AtlanU" 


Surface  of  water 

Deaton  Ford,  surface  of  water 

Small  bridge,  surface  of  water 

Walnut  tree,  nail  in  root  of 

Surface  of  water 

Small  creek,  South  Carolina  side,  mouth  of,  surface  of  water 

Walnut  tree,  100  feet  west  of  river,  nail  in  root  of 

Small  boat  landing,  surface  of  water 

Big  John  Creek,  mouth  of,  surface  of  water 

Prather's  bridge,  100  feet  northwest  of  river  and  old  bridge,  cotton- 
wood  tree,  nail  in  side  of 

Surface  of  water 


James  Prather  homestead,  middle  step  front  entrance,  bronze  tablet 
marked  "728  Atlanta" 


Elevation 
in  feet. 

762.65 

761.29 

754 

728.86 

723 

711 

608 

608.79 

690 

•    686 

690.51 

684 

681 

674 

669 

713. 793 

667 

666 

664 

676. 45 

659 

655 

664.87 

652 

650 

659.02 

648 

726.873 
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Elevations  on  Tugaloo  River  hehw  TaUvlah  Falls — Continued. 


Distance 
in  miles. 


10.5 

11.5 

11.5 

13 

13 

13.8 

13.8 

13.9 

15.4 

15.4 

15.4 

15.4 

16.4 

16.5 

16.5 

17.5 

18 

18 

19 

19.1 

20.1 

21.3 

21.7 

21.7 

22 

22 

22 

22 

22.3 

22.4 

22.6 

23.2 

24.5 

24.5 

25.1 

25.5 

25.7 


Stream,  mouth  of,  surface  of  water 

Surface  of  water 

Apple  tree,  600  feet  west  of  river,  nail  in  root  of 

Stream,  mouth  of,  surface  of  water 

Gum  tree,  10  feet  west  of  river,  nail  in  root  of 

Gum  tree,  west  edge  of  river,  nail  in  root  of 

Toccoa  Creek,  mouth  of,  surface  of  water 

Jarrett  Bridge,  surface  of  water  (during  flood  Mar.  21, 1903), 

Water  oak  tree,  4  feet  east  of  river,  nail  in  root  of 

Walnut  tree,  50  feet  west  of  railroad  bridge,  nail  in  root  of 


Railroad  bridge  crossing  Tugaloo  River,  west  abutment,  bronze 
tablet  marked  "666  Atlanta" 


Stream,  mouth  of,  surface  of  water 

Stream,  mouth  of,  surface  of  water 

Sycamore  tree,  50  feet  south  of  river,  nail  in  root  of. 

Stream,  mouth  of,  surface  of  water 

50  feet  east  of  river,  birch  tree,  nail  in  root  of 

Surface  of  water 


200  feet  east  of  county  road,  100  feet  west  of  river,  walnut  tree,  nail 
in  root  of , 

Saw  mill,  mouth  of  stream  opposite,  surface  of  water , 

Walnut  tree,  nail  in  root  of 

Stream,  mouth  of,  surface  of  water 

Swamp  bush,  3  feet  northwest  of  river,  nail  in  top  of 

Rock  Creek,  10  feet  south  of,  walnut  tree,  nail  in  root  of , 

Surface  of  water 


Jenkins  Ferry,  400  feet  northwest  of,  200  feet  west  of  river,  walnut 
tree,  nail  in  root  of 

W.  J.  Perkins  homestead,  north  side  of  house,  in  chimney,  2  feet 
above  ground,  bronze  tablet  marked  "732  Atlanta" 


Surfat^e  of  water 

High  water 

Stream,  mouth  of,  surface  of  water 

Walnut  tree,  nail  in  stump 

Walnut  tree,  40  feet  west  of  river,  nail  in  root  of. . 

Birch  tree,  on  edge  of  small  stream,  nail  in  root  of. 

Surface  of  water 

Small  tree,  4  feet  west  of  river,  nail  in  root  of 

Surface  of  water 

Pine  tree,  50  feet  west  of  river,  nail  in  root  of 

Surface  of  water 

a  The  above  is  on  a  single  spur  line. 


Elevation 
in  feet. 


646 

644 

657.40 

642 

658.51 

651.33 

6#1 

642.5 

642.50 

660.52 

665.467 

640 

639 

641.09 

637 

646.91 

636 

648.60 

632 

647.65 

630 

634.60 

640.35 

624 

638.10 

fl  730. 754 
624 
638 
622 
635.56 
634.32 
629.55 
618 
619. 47 
616 
625.12 
614 


HAI>I^  AND*] 
HOYT.      J 


TUGALOO   RIVER. 


27 


EUvaJtwM  on  Tugaloo  River  bdow  Tdlhdah  FaJU — Continued. 


r>lstaDoe 
in  miles. 


26.1 
26.3 
27.6 
27.6 
27.9 
28.1 
29.1 
29.3 

29.3 
29.3 

30.1 
30.3 
30.3 
30.4 
30.4 
31.8 
32.3 
32.4 
33.1 
33.6 

33.6 

33.6 
34.3 
34.3 
35.3 
35.3 
35.4 
36.1 
36.5 
37.5 
37.8 

37.8 
38.4 
39.6 
39.6 
39.8 


Old  stump,  41  feet  west  of  river,  nail  in 

Head  of  Shelor  Shoals,  surface  of  water 

Walnut  tree,  10  feet  north  of  river,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Laiige  creek,  mouth  of,  surface  of  water 

Pine  tree,  5  feet  northeast  of  river,  nail  in  top  of. . 


Shelor  Ferry,  water  oak  tree,  10  feet  northeast  of  river,  nail  in 
root  of 


Surface  of  water 

Shelor  Fenr,  0.3  mile  southwest  of;  100  feet  northwest  of  I.  E. 
Martin's  nouse,  10  feet  north  of  road,  in  large  rock,  hronze  tablet 
marked  "630  Atlanta" 


Elevation 
in  feet. 


Stream,  mouth  of,  surface  of  water 

Sycamore  tree,  10  feet  north  of  river,  nail  in  root  of 

Mouth  of  stream,  near  bend  in  river,  surface  of  water... 
Water  oak  stump,  10  feet  north  of  river,  nail  in  root  of. 

Surface  of  water , 

Gum  Log  Creek,  mouth  of,  surface  of  water 

Near  Middle  Branch,  apple  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 


Knox  Bridge,  100  feet  west  of,  in  fork  of  road,  maple  tree,  nail  in 
root  of 


Elnox  Bridge,  200  feet  west  of  S.  A.  Glenn's  house,  in  chimney, 
bronze  tablet  marked  "613  Atlanta" 


615. 42 

610 

614.54 

607 

605 

604 

623.27 

606.46 
600 

628.875 

599 

601.17 

597 

598.10 

595 

592 

597.79 

590 

588 

602.73 


Surface  of  water 

Surface  of  water 

25  feet  northwest  of  Shoal  Creek,  dead  stump,  nail  in  top  of. 

Shoal  Creek,  mouth  of,  surface  of  water 

Pine  stump,  200  feet  north  of  river,  nail  in  top  of 

Knox  Branch,  mouth  of,  surface  of  water 

Oak  tree,  900  feet  north  of  river,  nail  in  root  of 

Burton  Branch,  mouth  of,  surface  of  water 

South  side  of  river,  point  on  bottom  of  cliff 


Pullins  Ferry,  250  feet  south  of,  10  feet  north  of  road,  red  oak  trc^^, 
nail  in  root  of 

Pullins  Ferry,  surface  of  water 

Cleveland  Shoals,  head  of,  surface  of  water 

Averys  Ferry,  sycamore  tree  10  feet  north  of  river,  nail  in  root  of  . 

Foot  of  shoals,  surface  of  water 

Bottom  of  cliff,  2  feet  south  of  river,  point  on  rock 


612. 241 

588 

587 

598.34 

586 

601.72 

586 

591.83 

582 

588.07 

596.50 

581 

578 

Mo4.  uO 

578 

581.95 
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Elevaiions  on  Tugdloo  River  heUrw  TaUulah  FalU — CoDtinued. 


Distance 
in  miles. 


39.8 

40.3 
40.3 
40.7 
40.8 
40.8 
40.9 
41.1 
41.4 
41.7 
42.3 
42.8 

42.8 
43.3 
43.3 
43.7 

43.7 
44.2 
44.2 
44.5 
44.7 
45.3 
46.3 
46.3 
46.6 
46.6 
47.7 

47.8 
48.2 
48.2 

48.2 

48.2 


Avery s  Ferry,  20  feet  south  of  river,  top  of  cliff,  in  rock,  bronze 
tablet  marked  "588  Atlanta" 


Elevatioi: 
in  feet. 


Bradberrys  Ferry,  walnut  tree  100  feet  south  of  river,  nail  in  root  of. . 

Chandlers  Shoals,  head  of,  surface  of  water 

Bottom  of  cliff,  1  foot  south  of  river,  point  on  rock 

Beech  tree,  1  foot  south  of  river,  nail  in  root  of , 

Surface  of  water 

Reed  Creek,  mouth  of,  surface  of  water 

Foot  of  Chandlers  Shoals,  surface  of  water 

Reed  Creek,  900  feet  east  of  10  feet  south  of  river,  nail  in  stump . . 

Boat  landing,  birch  tree,  nail  in  root  of 

Hatton  Shoals,  head  of,  surfaoe  of  water 

North  edge  of  river,  F.  Clark's  house,  1,000  feet  south  of,  nail  in 
root  of  maple  tree 

Surface  of  water 

Big  Beaverdam  Creek,  25  feet  east  of,  nail  in  root  of  beech  tree 

Surface  of  water 

Large  pine  ti'ee,  25  feet  east  of  smaU  stream,  5  feet  north  of  river, 
nail  m  root  of 

Surface  of  water 

Hatton  Ford,  bottom  of  cliff,  point  on  rock 

Surface  of  water 

Mouth  of  branch,  surface  of  water : 

Mouth  of  branch,  surface  of  water 

Water  oak  tree,  30  feet  northeast  of  river,  nail  in  root  of 

Beech  tree,  15  feet  east  of  river,  nail  in  root  of 

Surface  of  water 

Burnt  stump,  40  feet  east  of  river,  nail  in  top  of 

Surface  of  water 

Andersonville,  S.  C,  0.5  mile  north  of,  twin  beech  tree  15  feet  north 
of  river,  nail  in  root  of 

Mouth  of  branch,  surface  of  water 

Foot  of  rapids,  surface  of  water 

Andersonville,  S.  C,  east  side  of  road,  200  feet  east  of  river,  north- 
want  of  Little  Broadway  Creek,  in  rock,  bronze  tablet  marked 
*•  538  Atlanta" 

"Brouris "  Ferry,  surface  of  water 

20  feet  west  of  river,  point  on  rock 


387.  44:^ 

581.  as 

575 

517.  2& 

572.24 

570 

564 

562 

566.95 

563.72 

560 

556.79 
555 
554.01 
546 

537.07 

535 

526.91 

525 

522 

519 

529.36 

525.  17 

519 

524.70 

518 

522.27 

516 

511 

537.519 
510 
514.  45 


If  A 


iVoyt!"^J  river   surveys    AND   PROFILES   OF   1903.  29 

SA.VANNAH  RIVER  FROM  ANDERSONVILLE,  S.  C,  TO  LISBON,  GA. 

Savannah  River,  which  flows  between  Georgia  and  South  CaroUna, 
is  formed  by  the  junction  of  Seneca  and  Tugaloo  rivers  at  Ander- 
sonville,  Anderson  County,  S.  C.  Tugaloo  River  is  in  turn  formed 
by  the  junction  of  Tallulah  and  Chattooga  rivers  at  a  point  about  3 
miles  below  TaDulah  Falls,  Georgia. 

Savannah  River  proper  flows  in  a  southeasterly  direction  through 
a  rather  hilly  country,  which  is  chiefly  devoted  to  the  production  of 
cotton  and  com.  On  the  lowlands  these  crops  are  sometimes  dam- 
aged by  high  water.  The  river  contains  many  small  islands,  some 
of  which  are  in  a  high  state  of  cultivation. 

During  April  and  May,  1903,  a  survey  of  Savannah  River  between 
Andersonville,  S.  C,  and  the  mouth  of  Broad  River,  near  Lisbon,  Ga., 
a  distance  of  42  miles,  was  made  by  Carroll  Caldwell,  field  assistant. 
In  the  above  distance  there  is  a  fall  of  219  feet.  TKe  primary  levels 
for  this  survey  were  based  on  the  United  States  Geological  Survey 
bench  mark  at  Andersonville,  S.  C.  Field  sheets  were  plotted  on 
the  scale  of  1:  22,500,  and  during  the  course  of  the  survey  7  tablets 
and  62  temporary  bench  marks  were  established,  91  water-surface 
elevations  determined,  and  the  following  possible  powers  noted. 

The  first  shoal  of  importance  is  the  McDaniels  Shoal,  where  there 
is  a  fall  of  19  feet  in  2)  miles.  Half  a  mile  above  the  foot  of  the 
shoal  and  at  the  head  of  Harper  Island  is  an  excellent  site  for  a 
dam  about  700  feet  long. 

At  Turners  Shoals  there  is  a  fall  of  17  feet  in  about  2  J  miles.  These 
shoals  begin  at  Kenly  Ferry  and  extend  to  Craft  Ferry.  The  river 
widens  considerably  about  a  mile  below  Kenly  Ferry  and  has  several 
good  sites,  one  being  on  Craft  Island.  These  shoals  could  be  devel- 
oped only  at  considerable  expense,  as  a  dam  would  have  to  be  1,000 
feet  long. 

Half  a  mile  below,  the  Middleton  Shoals  have  a  fall  of  11  feet  in 
IJ  miles  and  offer  an  excellent  site  for  a  dam.  The  bottoms  and 
sides  are  of  rock. 

One  mile  below  are  Gregg  Shoals  with  a  7-foot  fall  in  about  a 
mile.  Here  the  river  runs  between  steep  hills  and  a  dam  would 
be  about  900  feet  long. 

Half  a  mile  below  Moseley  Ferry  are  the  Cherokee  Shoals,  having 
a  fall  of  18.9  feet  in  less  than  3  miles.  This  is  a  very  fine  power  site, 
as  the  river  runs  between  steep  hills.  A  dam  would  be  about  1,000 
feet  long  and  would  be  placed  one-fourth  of  a  mile  above  the  Seaboard 
Air  Line  bridge. 

One  and  one-fourth  miles  below  the  bridge  are  Trotters  Shoals  with 
a  fall  of  69  feet  in  6  miles.     These  are  considered  the  finest  shoals 
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on  the  river.  They  commence  at  the  foot  of  Watkins  Island  and 
run  below  Tates  mill  to  Coflfee  Creek.  In  this  distance  there  are 
numerous  rocky  bluffs  where  there  are  exceUent  dam  sites. 

From  the  foot  of  Trotters  Shoals  to  the  mouth  of  Broad  River. 
the  end  of  the  survey,  there  is  a  uniform  fall  of  3  feet  per  mile. 

Elevations  on  Savannah  River  from  AndersonviUe,  S.  C.,lo  Lisbon ^  GaM 


Distance 
in  miles. 


48.2 

48.7 
48.7 
49.3 
49  3 
50.5 
50.6 
50.7 
51.4 
51.4 
52.3 
52.3 
52.3 
52.8 
53.3 
53.3 
53.3 
53.3 

54.6 

54.8 

J" 

55 
55 
55.7 

55.7 
55.7 
56.1 
56.1 
56.1 
56.1 
56. 8 
56.8 


Elcv«tioTi 
in  feet. 


AndersonviUe,  S.  C,  east  side  of  road,  200  feet  east  of  river,  northeast 
of  Little  Broadway  Creek,  bronze  tablet  marked ''  538  Atlanta  "... 

Seneca  River,  mouth  of,  surface  of  water 

Small  pine  tree,  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

Sycamore  tree  on  edge  of  branch  and  river,  nail  in  root  of 

Creek,  mouth  of,  surface  of  water 

Opposite  island,  50  feet  west  of  river,  willow  stump,  nail  in  top  of. 

Branch,  mouth  of,  surface  of  water 

In  footpath,  10  feet  west  of  river,  large  red  oak  tree,  nail  in  root  of.| 

Lightwood  Log  Creek,  400  feet  west  of  river,  tripple  water  oak  tree. 

Carters  Feny,  surface  of  water 

High  water 

Lightwood  Log  Creek,  mouth  of,  surface  of  water 

60  feet  west  of  river,  large  walnut  tree,  nail  in  root  of 

Browns  Ferry,  40  feet  west  of,  double  water  oak  tree,  nail  in  root  of 

Surface  of  water 

High  water 


Browns  Ferry,  1,200  feet  northeast  of  O.  C.  Brgwn's  house,  in  brick 
and  stone  abutment  at  rear  of,  northwest  comer,  bronze  tablet 
marked  "518  Atlanta" 


Powderbag  Creek,  mouth  of,  surface  of  water 

Creek,  520  feet  south  of,  30  feet  west  of  river,  box  elder  tree,  nail  in 
root  of 


Dooley  Ferry,  114  feet  west  of  river,  poplar  tree,  nail  in  root  of. . 

Surface  of  water 

Craft  Island,  opposite,  hanging  over  edge  of  river,  maple  tree,  nail, 
in  root  of 

Surface  of  water , 

Long  Branch,  mouth  of,  surface  of  water , 

30  feet  south  of  river,  laiige  poplar  tree,  nail  in  root  of , 

Surface  of  water 

McDowells  Shoals,  head  of,  surface  of  water , 

High-water  mark 

70  feet  southwest  of  river,  pine  tree,  nail  in  root  of 

Surface  of  wat^r 

a  Continued  from  Tugaloo  River  elevations.    See  p.  28. 
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EUvatwM  on  Savannah  River  from  AnderaonvUUf  S.  C.fto  Lidnmf  Ga. — Continued. 


Distance 
In  miles. 

57.3 

57.3 

57.5 

57.5 

58 

58.7 

50.1 

Turner  Creek,  mouth  of,  southwest  of  river,  birch  tree,  nail  in  root  of. 

Surface  of  water 

20  feet  southwest  of  river,  birch  tree,  nail  in  root  of 

Surface  of  water 

Harper  Island,  0.1  mile  west  of,  red  oak  tree  bending  over  edge  of 
river,  nail  in  root  of 

Surface  of  water 


Parks  Ferry,  0.2  mile  above,  west  side  of  ferry  road,  opposite  colored 
house,  foot  of  steep  hill,  in  clifl,  bronze  tablet  marked  ^'495 
Atlanta" 


5^.  tj 


I 


59.3 

60.5 

60.5 

60.8 

60.8  i 

60.9 

60.9 

61.5 

61.5 
62.3 

62.3 
62.4 
62.5 
64.2 
64.3 
65.8 
65.9 
66.2 
66.2 
66.9 
66.9 
66.9 

66.9 
68.1 
68.5 

68.5 
68.7 


Parks  Ferry,  15  feet  west  of  river,  laige  red  oak  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Mulberry  tree  stump,  west  side  of  river,  nail  in  root  of 

Surface  of  water 

Saddlers  Old  Ferry,  40  feet  west  of  river,  rock  cliff,  point  on  rock. 

Surface  of  water , 

60  feet  south  of  river,  hickory  tree,  nail  in  root  of * , 

Surface  of  water 


Cedar  Creek,  500  feet  north  of  river,  largo  black  oak  tree,  nail  in 
root  of 


Cedar  Creek,  mouth  of,  surface  of  water 

Kinleys  Ferry,  0.1  mile  southwest  of;  10  feet  west  of  river,  white 
ash  tree,  nail  in  root  of 


Surface  of  water 

Turners  Shoals,  head  of,  surface  of  water 

McMullins  Branch,  mouth  of,  surface  of  water 

50  feet  south  of  river,  small  hickory  tree,  nail  in  root  of 

§hoals,  surface  of  water 

200  feet  west  of  river,  black  oak  tree,  nail  in  root  of 

Surface  of  water 

25  feet  west  of  river,  black  oak  tree,  nail  in  root  of 

Surface  of  water 

Craft  Ferry,  10  feet  west  of  river,  red  oak  tree,  nail  in  root  of. 
Creek,  mouth  of,  surface  of  water 


Craft  Ferry,  125  feet  west  of  boat  landing,  60  feet  west  of  river,  in 
rock,  aluminum  tablet  marked  " 450  Atlanta" 

Foot  of  Turners  Shoals,  surface  of  water 

Middleton  Shoals,  head  of,  surface  of  water 


Barnes  Island,  opposite,  125  feet  west  of  river,  small  black  oak  tree, 
nail  in  root  of 


Surface  of  water 

300  feet  west  of  river,  on  top  of  cliff,  dogwood  tree,  nail  in  root  of, 


Elevation 
in  feet. 

473.43 

471 

476. 13 

470 

472. 57 

466 

494.435 

.   468.53 

461 

460 

462.42 

458 

466.598 

458 

471.27 

457 

460.66 

455 

457.68 

454 

453 

450 

456.55 

450 

459.62 

443 

445  80 

440 

443.67 

437 

449.306 

437 

435 

443.11 

431 

457.46 
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Elevations  an  Savannah  River  from  AnderaonviUef  S.  C.fto  Li^n,  Ga. — Continued 


Distance 
in  miles. 


69.5 
69.8 
69.8 
70.2 
70.2 
70.9 
71 

71.3 
72.4 
72.4 
72.8 
73.2 
73.4 
73.7 
73.,7 
73.8 
74.3 

75.8 
76.2 

76.2 
76.2 
76.4 

77 
77.3 

77.3 
77.3 
77.6 
78.1 
78.4 

78.4 
78.9 
79.2 
79.2 
79.6 
79.6 
80.5 
80.8 


West  edge  of  river,  willow  stump,  nail  in  root  of- 

Middleton  Shoals,  foot  of,  surface  of  water 

20  feet  west  of  river,  post-oak  tree,  nail  in  root  of 

Powells  Ferry,  20  feet  west  of  river,  water  oak  tree,  nail  in  root  of . 

Powells  Ferry,  surface  of  water 

Surface  of  water 

Powells  Ferry,  0.8  mile  south  of,  150  feet  west  of  river,  white  ash 
stob,  nail  m  top  of 

Gregg  Shoals,  head  of,  surface  of  water 

Black  Ferry,  25  feet  west  of  river,  nail  in  root  of  birch  tree 

Black  Ferry,  surface  of  water 

350  feet  east  of  river,  octagon  burnt  tree  stump,  nail  in  root  of 

Creek,  mouth  of,  surface  of  water. 

350  feet  east  of  river,  persimmon  tree  stump,  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

Mill,  opposite,  surface  of  water 

Coldwater  Creek,  mouth  of,  surface  of  water 

350  feet  east  of  river,  140  feet  southwest  of  small  branch,  persimmon 
tree,  nail  in  root  of 

Aliens  Creek,  mouth  of,  surface  of  water 

Harper  Ferry,  20  feet  cast  of  river,  southside  of  road,  water  oak 
tree,  nail  in  root  of 

Surface  of  water 

High-water  mark 

250  feet  southeast  of  W.  J.  Taylor's  house,  side  of  brook,  in  lime- 
stone rock,  bronze  tablet  marked  **  420  Atlanta  " 

Branch,  mouth  of,  surface  of  wat-er 

Ruckers  and  Tuckers  Ferry,  40  feet  southeast  of  and  5  feet  west  of 
river,  willow  tree,  nail  in  side  of 

Surface  of  water 

High-water  mark 

Surface  of  water 

Surface  of  water 

English  Creek,  60  feet  west  of,  50  feet  north  of  river,  white  hickory 
stump,  nail  in  root  of 

English  Creek,  mouth  of,  surface  of  water 

McCauleys  Island,  900  feet  south  of  head  of,  surface  of  water 

McCauleys  Ferry,  40  feet  west  of  river,  ash  stump,  nail  in  root  of. . 

Surface  of  water 

Surface  of  water 

150  feet  north  of  river,  beech  tree,  nail  in  root  of 

Branch,  mouth  of,  surface  of  water 

Surface  of  water 


Elevatifafi 
in  feel. 


428.  ai 
424 
432.  .VI 

435.23 
422 

419 

439. 3ri 

418.7 

421.677 

410.3 

431.  US 

409 

419. ;» 

407 

406 

406 

414.  :^ 
404 

412.26 

403 

416 

419.  146 
402 

405.49 

401 

418 

400 

399 

417. 13 

39S 

397 

407.19 

397 

396 

407. 31» 

395 

394 
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Elevations  on  Savannah  River  from  AndereonvilUf  S.  C,  to  Lithon,  Qa. — Continued. 


X>ifltance 
ixi  miles. 


80.8 

81 

81 

81.3 

81.6 

81.7 

81.8 

81.9 

82.6 

82.6 

83.2 

83.3 

83.5 
83.7 
84.2 
84.2 

&5.1 

85.2 

85.2 

85.5 

&5.7 

85.9 

86 

86.2 

86.3 

86.3 

86.6 

86.6 

87.1 

87.1 
87.6 
87.6 
88.1 
88.3 
88,6 

88.9 
89.2 


50  feet  east  of  river,  walnut  tree,  nail  in  root  of 

Moseley  Ferry,  50  feet  east  of  river,  walnut  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Liarge  falls,  head  of,  surface  of  water 

50  feet  east  of  river,  twin  pine  tree,  nail  in  root  of 

Cherokee  Shoals,  surface  of  water 

Surface  of  water 

125  feet  east  of  river,  oak  tree,  nail  in  root  of 

Surface  of  water 


Carter  Island,  ferry,  40  feet  west  of  river,  white  oak  tree,  nail  in 
root  of 


Surface  of  water 

Rocky  River,  mouth  of,  surface  of  water. 
Surface  of  water 


Elevation 
In  feet. 


Seaboard  Air  Lane  bridge,  abutment,  east  side  of  bridge,  bronze 
tablet  marked  "383  Atlanta" 


Watkins  Island,  lower  end  of,  15  feet  north  of  river,  oak  tree,  nail 
in  root  of 


Watkins  Island,  150  feet  southwest  of,  on  mainland,  dead  stump, 
nail  in  side  of , 

Trotter's  shoals,  head  of,  surface  of  water 

Shoals,  surface  of  water , 

Head  of  island,  surface  of  water 

Surface  of  water 

75  feet  west  of  river,  nail  in  stub 

Calhoun  Island,  end  of,  surface  of  water 

60  feet  southwest  of  river,  black  ash  tree,  nail  in  root  of 

Trotters  Shoals,  in,  surface  of  water 

Surface  of  water 

Cliff,  bottom  of,  on  rock,  point 


Calhoun  Ferry,  triple  cedar  tree,  75  feet  west  of  river,  nail  in 
root  of 


Surface  of  water 

Surface  of  water 

50  feet  southwest  of  river,  in  path,  pine  tree,  nail  in  root  of 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 


10  feet  southeast  of  road,  Spanish  oak,  400  feet  west  of  river,  nail 
in  root  of  tree 


Surface  of  water. 
Surface  of  water. 


398.77 

400 

392 

392 

391 

390 

399.23 

388 

379 

385.75 

374 

382.52 
373 
372 
371 

382.161 

375.7 

374.59 

367 

364 

362 

358 

367.4 

356 

3a5. 01 

353 

351 

354.27 

348.  39 

340 

a36 

341.32 

329.7 

328 

am  61 

325 

322 
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Elevations  on  Savannah  River  from  AnderwnvilUf  8.  C,  to  LiafHm,  Oa. — Continued. 


Distance 
In  miles. 


89.2 
89.7 

89.4 
89.7 
90.1 
90.2 
90.3 

90.3 
90.4 
91.3 
91.3 
91.8 
92.3 
92.8 
92.8 
92.8 
93.7 
93.9 
94.2 
96.1 
96.1 
96.2 
96.4 


200  feet  west  of  river,  on  top  of  steep  hill /in  footpath,  hickory  tree, 
nail  in  root  of 

Calhoun  Ferry,  2.5  miles  southeast  of,  50  feet  west  of  river,  in  laiige 
bronze  tablet  marked  "320  Atlanta'' 


I 


Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

10  feet  west  of  river,  300  feet  north  of  old  mill,  water  oak,  nail  in  j 
root  of ' 

Surface  of  water 

Surface  of  water 

Branch,  mouth  of,  surface  of  water 

10  feet  west  of  river,  dead  birch  tree,  nail  in  root  of 

Surface  of  water 

Creek,  surface  of  water 

Clarks  Ferry,  200  feet  west  of  river,  water  oak,  copper  tack  in  root . 

Surface  of  water 

High-water  mark , 

Creek,  1,500  feet  below,  surface  of  water 

50  feet  west  of  river,  gum  tree,  copper  tack  in  side  of 

Surface  of  water 

Petersbui^  Ferry,  east  side  of  road,  dead  black  gum,  nail  in  root  of. 

Broad  River,  mouth  of,  surface  of  water 

South  side  of  feny  road,  water  oak,  nail  in  root  of 


Lisbon,  in  brick  wall  of  R.  L.  Cade's  store,  bronze  t-ablet  marked 
**328  Atlanta" 


Elevatioa 
In  feet. 


360.67 

319.2.=i2 

318 

313 

308 

304 

30S.90 

301 

299 

292 

300.21 

291 

289 

309.13 

287 

307 

285 

299.06 

284 

293.41 

281 

295.77 

327.  So 


CHATTOOGA  RIVER  BELOW  RUSSELL,  S.  C. 

Between  July  19  and  August  10,  1903,  Chattooga  River  was  sur- 
veyed from  its  mouth,  near  Tallulah  Falls,  Georgia,  to  Russell  Bridge, 
near  Russell,  S.  C,  a  distance  of  30  miles.  In  that  distance  there 
is  a  fall  of  809  feet.  A  line  of  secondary  levels  was  run,  based  on 
a  primary  bench  mark  of  the  United  States  Geological  Survey  3  miles 
below  Talhilah  Falls.  The  field  sheets  were  plotted  on  the  scale  of 
1:22,500,  and  during  the  course  of  the  survey  23  bench  marks  were 
established  and  97  water-surface  elevations  were  noted. 

Chattooga  River  contains  many  available  undeveloped  power  sites. 
From  its  mouth  to  War  Woman  Creek,  a  distance  of  22  miles,  the 
river  runs  through  a  wild,  rugged  country,  almost  uninhabited.     It 


If  ALL  ANDl 
HOYT.      J 


CHATTOOGA   RIVER. 


35 


flows  in  a  gorge  almost  the  entire  distance  and  is  very  narrow  and 
swift.  There  are  numerous  dam  sites  in  this  section,  as  the  river  is 
almost  one  continuous  shoal  and  has  an  average  fall  of  33  feet  to  the 
mile,  with  a  fine  rock  bottom  and  cliffs  on  either  side.  The  rock  is 
excellent  for  building  purposes. 
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Fig.  4.— Profile  of  Chattooga  River  below  Russell,  S.  C. 


750 


From  War  Woman  Creek  to  Lone  Bottom  Ford,  a  distance  of  5  miles, 
the  bottoms  widen  considerably,  and  there  are  a  few  cultivated  farms. 
Halfway,  at  Laurel  Branch,  there  Ls  an  excellent  site  for  a  12-foot 
dam,  which  would  back  water  one-half  mile  without  damage  to  culti- 
vated lands.  Here  there  is  a  good  rock  bottom  and  rocky  bluffs  on 
each  side.     From  a  half  mile  above  Laurel  Branch  to  Russell  Bridge, 
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the  end  of  the  survey,  the  bottoms  are  considerably  wider  and  mostly 
cultivated. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  marked  ''1050  M  C  at  Washington  street  entrance  to  the 
State  capitol  at  Atlanta,  the  elevation  of  which  is  now  accepted  as 
1,049.546  feet  above  mean  sea  level.  The  initial  point  upon  ^rhich 
these  levels  depend  is  a  bench  mark  of  primary  levels  of  Tugaloo 
and  Savannah  River  surveys  at  the  mouth  of  Chattooga  River.  The 
elevations  accord  with  the  1903  adjustment. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell,  field 
assistant,  by  Thomas  B.  O'Hagan,  levelman. 

Elevations  on  Chattooga  River  from  Us  month  to  Russell  Bridge,  Ga.^  0.7  mUe  north  of 

Russell,  S.  C. 


Difltanoe 
in  milea. 


0.0 

.0 

.0 
.2 
.7 
1 

1.2 
1.9 
1.9 
2.1 
2.6 
3 
4 
4 

4.1 
4.5 
4.7 
4.9 
4.9 
5 

5.1 
5.2 
6.3 
5.6 
5.6 
5.6 
5.8 


Tallulah  and  Chattooga  rivers,  100  feet  north  of  junction,  point 
on  rock 

Tallulah  and  Chattooga  rivers,  white  oak  tree  75  feet  west  of  junc- 
tion of,  25  feet  north  of  Tallulah  River,  nail  in  root  of  oak  tree 

Surface  of  water 

Surface  of  water 

Mouth  of  stream,  surface  of  water 

Worse  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

Small  stream  on  north  edge  of  river,  Spanish  oak,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

North  side  of  river,  point  on  rock L 

Surface  of  water 

East  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Creek,  mouth  of,  surface  of  water 

Surface  of  water 

East  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Mouth  of  stream,  head  of  shoals,  surface  of  water 

Camp  Creek,  mouth  of,  surface  of  water 

Trail  Ford,  point  on  rock  20  feet  east  of  river 

Trail  Ford,  surface  of  water 

1  Surface  of  water 


Elevation 
in  feet. 


761.29 

762.  21 
754 
759 
763 

765 

766 

776.27 

772 

775 

788.63 

779 

851.  51 

849 

869 

892 

899 

918.27 

919 

929 

939 

949 

954 

961 

967.50 

962 

969 
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ElevtUums  on  Chattooga  River  from  its  mouth  to  RusseU  Bridge ,  Oa.^  0.7  mile  north  of 

RusseUf  S.  C. — Continued. 


Distance 
in  miles. 


6.1 

6.3 

6.7 

7 

7.2 

7.4 

7.4 

7.5 

7.6 

7.8 

8 

8.2 

8.4 

8.5 

8.6 

9 

9.5 

9.8 

10 

10 

10 

10 

10 

10.5 

10.6 

10.6 

10.8 

11 

11.4 

11.7 

12 

12.5 

12.7 

12.9 

13 

13.2 

13.6 

13.8 

14 

14 


Surface  of  water , 

Surface  of  water 

Surface  of  water , 

Surface  of  water , 

Surface  of  water , 

Cliff  Creek,  mouth  of,  surface  of  water 

Cliff  Creek,  500  feet  above,  east  side  river,  point  on  rock , 

Surface  of  water , 

Chechero  Creek,  mouth  of,  surface  of  water , 

Surface  of  water , 

Surface  of  water , 

Surface  of  water , 

Surface  of  water , 

Surface  of  water 

Surface  of  water , 

Surface  of  water , 

Surface  of  water 

Surface  of  water 

East  side  of  river  on  edge  of  bank,  point  on  rock 

Surface  of  water 

Iron  bridge.  South  Carolina  side,  iron  bar  under  bridge,  point  on 

Iron  bridge,  surface  of  water 

High  water , 

Surface  of  water , 

Mouth  of  creek,  surface  of  water 

Head  of  falls,  surface  of  water , 

Mouth  of  stream,  surface  of  water , 

Surface  of  water , 

Surface  of  water 

Mouth  of  stream,  surface  of  water 

Surface  of  water 

50  feet  south  of  island,  oast  side  of  river,  10  feet  from  bank,  point  on 
rock 

Surface  of  water 

Surface  of  water , 

Surface  of  water 

Stream,  mouth  of,  surface  of  water 

Surface  of  water 

South  Carolina  side  of  river,  at  large  cliff,  point  on  rock 

Surface  of  water 

Mouth  of  Fall  Creek,  surface  of  water 


Elevation 
in  feet. 


979 
989 

1.000 


1 
1 
1 
1 
1, 
1, 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


.!  1 


029 

035 

045.26 

039 

049 

059 

069 

079 

089 

099 

109 

119 

129 

149 

152.43 

159 

168.95 

166.3 

177 

169 

173 

179 

183 

189 

199 

204 

209 

217.86 

219 

223 

229 

232 

239 

245.53 

249 

262 
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Elevations  on  Chattooga  River  from  its  mouth  to  Russell  Bridge^  6a.,  0.7  mile  north  of 

RusseUy  8.  C. — Continued. 


Distance 
in  miles. 


14.5 

14.7 

15 

15.7 

16 

16.6 

16.8 

16.9 

17 

17.4 

17.8 

18 

18.7 

18.7 

18.9 

19.1 

19.2 

19 

19.7 

19.8 

20 

20 

20.2 

20.6 

20.7 

20.8 

21 

21.2 

22 

22.1 

22.3 

22.7 

23 

23 

23 

23.8 

23.8 

24.8 

25.2 

25.2 


EleTatkm 
in  feet. 


Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Rich  Creek,  mouth,  surface  of  water : 

Surface  of  water 

South  Carolina  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

Sandy  Bottom,  1,000  feet  below,  east  side  of  river,  point  on  rock. 

Surface  of  water 

Surface  of  water 

East  side  of  river,  point  on  rock 

Surface  of  water 

300  feet  below  falls,  at  bend  in  river,  point  on  rock 

Foot  of  falls,  surface  of  water 

Head  of  falls,  surface  of  water 

Surface  of  water 

Rock  Creek,  mouth  of,  surface  of  water 

Sandy  Ford,  surface  of  water 


Sandy  Ford,  75  feet  north  of,  15  feet  east  of  river,  nail  in  root  of 
white  oak  tree 

Surface  of  water 

Surface  of  water 

Dick  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

East  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

'  Surface  of  water 

4  feet  east  of  river,  nail  in  root  of  large  pine  tree 

Surface  of  water 

Earl  Ford,  100  feet  Mow  ford,  east  side  of  river,  point  on  rock 

Surface  of  water 

War  Woman  Creek,  mouth  of,  surface  of  water 

South  side  of  river,  point  on  rock 

Surface  of  water 

Surface  of  water 

West  side  of  river,  point  on  rock 

Surface  of  water 


1,26S 

1,279 

1,289 

1,296 

1,299 

1,308 

1,309 

1,310.4 

1,319 

1,329 

1,332 

1,340 

1,359 

1,366.45 

1,360 

1,376.19 

1,375 

1,381 

1,399 

1,406 

1,411 

1,416.5.1 

1,419 

1,429 

1,439 

1,449 

1,452.91 

1,459 

1,469 

1,473 

1,481.. SO 

1,479 

1,486.74 

1,486 

1,486 

1,494.13 

1,492 

1,499 

1,510.51 

l,5a5 
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Klevatioms  on  Chattooga  Rioer  from  its  mouth  to  Russell  Bridge,  Qa.,  0.7  mile  north  of 

RusseUf  S.  C. — Continued. 


r>iaUtnce 
in  miles. 

26 

26.3 

26.4 

26.4 

26.8 

27.1 

27.9 

28 

28.7 

29.7 

30.6 

30.6 

30.6 


Horseback  Ford,  surface  of  water 

Surface  of  water 

Ford,  65  feet  above,  north  aide  of  river,  nail  in  live  stub  (white  oak 
tree) 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Barlow  Stream,  center  of  river,  point  on  rock 

Surface  of  water 

Long  Bottom  Ford,  east  side,  nail  in  fork  of  sugar  maple  tree 

Small  stream,  mouth  of  river  at,  surface  of  water 

West  Fork,  mouth  of,  surface  of  water 

Wooden  bridge,  above   Russell,  S.  C,  southwest  side  of  bridge, 
point  on  bolt 

Bridge,  surface  of  water 


Elevation 
in  feet. 


1,518 
1,519 

1,522.66 

1,521 

1,529 

1,539 

1,547.26 

1,549 

1,557.68 

1,554 

1,563 

1,584.84 
1,564 


BROAD  RIVER  BELOW  CARNESVILLE,  GA. 

Between  June  9  and  July  16,  1903,  Broad  River  was  surveyed 
from  its  mouth,  near  Lisbon,  Ga.,  to  Harrison  Bridge,  near  Carnes- 
ville,  Ga.,  a  distance  of  64J  miles.  In  that  distance  there  is  a  fall 
of  316  feet.  The  field  sheets  were  plotted  on  the  scale  of  1:22,500, 
and  the  survey  was  accompanied  with  a  line  of  secondary  levels 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
Survey  at  Lisbon,  Ga.  During  the  course  of  the  survey  54  bench 
marks  were  established  and  109  water  elevations  determined. 

The  flow  is  very  gradual  from  the  mouth  to  Milford  Shoals,  a  dis- 
tance of  2  miles.  These  shoals  have  a  fall  of  8  feet  in  a  distance 
of  one-third  of  a  mile,  and  are  about  500  feet  wide.  The  river  bot- 
toms are  wide  up  to  the  foot  of  Anthony  Shoals,  5J  miles  from  the 
mouth  of  the  river.  Here  is  the  finest  power  site  on  the  river,  there 
being  a  fall  of  58  feet  in  1}  miles,  with  rock  bottom  and  rock  bluffs 
on  each  side.  A  dam  at  this  point  would  have  to  be  1,000  feet 
long.  The  rock  is  granite  and  would  furnish  excellent  material  for 
building  purposes.  At  the  end  of  these  shoals,  on  the  Elbert  County 
side,  are  the  remains  of  a  wing  dam  which  furnished  power  for  a 
cotton  mill  now  in  ruins. 

From  here  to  Fishdam  Shoals,  9}  miles,  the  river  has  a  fall  of 
9  feet,  with  wide,  cultivated  bottoms  on  either  side  for  most  of  the 
distance.  At  Fishdam  there  is  a  3-foot  dam  about  250  feet  long 
which  furnishes  power  for  a  grist  and  saw  mill. 
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From  Fishdam  to  the  mouth  of  South  Broad  River,  15^  miles, 
there  is  a  fall  of  23  feet  with  no  shoal  of  any  consequence.  The 
bottoms  are  wide  in  most  places  and  are  in  a  high  state  of  cultiva- 
tion. 

One  mile  above  South  Broad  River  are  the  Detwiler  Shoals,  with 
a  fall  of  7  feet  in  half  a  mile.  A  dam  at  this  point  would  be  about 
300  feet  long.  A  mile  and  a  half  farther  are  the  lower  Moore  Shoals. 
with  a  fall  of  6  feet  in  a  quarter  of  a  mile,  and  good  outcrop  of  hard 
rock  on  both  sides.     A  dam  here  would  be  about  350  feet  long. 

Five  miles  farther  up  are  the  Payton  Shoals,  with  a  fall  of  4  feet 
in  a  quarter  of  a  mile.  Here  the  steep  banks  show  granite  on  the 
southeast  side. 

Two  and  one-half  miles  upstream  are  the  Cowpen  Shoals,  with  a 
fall  of  8  feet.  This  is  an  excellent  site  for  a  dam,  having  rock  bot- 
tom and  sides.     Two  miles  upstream  are  Moore  Shoals,  with  a  faU 
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FiQ.  5.— Profile  of  Broad  River  below  Camesville,  Qa. 

of  19  feet  in  three-fourths  of  a  mile.     The  river  here  is  about  400 
feet  wide,  with  solid  rock  bluflfs  on  either  side. 

One-half  mile  beyond  are  Brown  Shoals,  with  a  10-foot  fall  in  one- 
third  of  a  mile.  A  dam  here  would  be  about  400  feet  long  and  would 
have  an  excellent  foundation.  One  and  three-fourths  miles  upstream 
are  the  Bryant  Shoals,  with  a  fall  of  20  feet  in  IJ  miles.  This  is  an 
excellent  site  for  a  dam,  having  good  bottoms  and  rock  sides. 

For  12  miles  upstream  to  Double  Bridge  the  shoals  are  small  and 
do  not  seem  important.  From  Double  Bridge  to  Harrison  Bridge, 
at  which  point  the  survey  ended,  a  distance  of  6  miles,  the  river  is 
very  narrow  and  shoaly,  but  the  volume  of  water  is  small. 

The  elevations  in  the  following  list  are  based  on  a  bronze  tablet 
in  a  brick  wall  of  R.  L.  Cade's  store  at  Lisbon,  Ga.,  marked  "Atlanta 
328,^*  the  elevation  of  which  is  accepted  as  327.850  feet  above  mean 
sea  level.  They  accord  with  the  1903  adjustment  of  the  precise- 
level  net. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell, 
field  assistant,  by  T.  B.  O'Hagan,  levelman. 
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Elevationa  on  Broad  River  from  nunUh  to  Harrison  Bridge,  3  miles  southwest  of  CamesmUsn 


I>istaDce 
in  miles. 


0.0 

.0 
.0 
.6 
1.4 
2.1 
2.4 
2.4 

2.7 
3.4 
4.7 
5 

5.2 
5.2 
5.2 
5.4 
5.6 
5.8 
6 
6 

6.4 
6.5 
6.5 
6.5 
7.1 
8.7 
8.7 
10 
10.9 
11 
11 

11.8 
13.8 
13.8 
13.8 
13.8 
15 

15.4 
15.6 


Lisbon,  mouth  of  Broad  River,  870  feet  northwest  of,  south  side  of 
feny  road,  nail  in  twin  water  oak 

Broad  River,  mouth  of,  surface  of  water 

Broad  River,  870  feet  northwest  of  mouth,  high-water  bench  mark 

Small  stream,  near,  surface  of  water 

Mill  Ford  Shoals,  foot  of,  surface  of  waters 

Mill  Ford  Shoals,  middle  of,  surface  of  water 

Mill  Ford  Shoals,  head  of,  surface  of  water 

Mill  Ford  Shoals,  200  feet  east  of  river,  near  5-inch  elm  tree,  nail  in 
live  stob 

Center  of  bend,  surface  of  water 

Dubose  Ferry,  300  feet  above,  surface  of  water 

Anthony  Shoals,  foot  of,  surface  of  water 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  at  large  bend  in  river,  surface  of  water 

Anthony  Shoals,  at  rock  cliff,  surface  of  water 

Anthony  Shoals,  at  rock  cliff,  point  on  rock,  1  foot  west  of  river.  ...... 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  surface  of  water 

Anthony  Shoals,  in  front  of  old  factory,  surface  of  water 

Anthony  Shoals,  at  old  dam,  east  edge  of  river,  nail  in  root  of  birch  tree . 

Anthony  Shoab,  surface  of  water 

Anthony  Shoals,  head  of,  surface  of  water 

Burton  Ferry,  6  feet  south  of  river,  nail  in  root  of  Spanish  oak  tree 

Surface  of  water 

Burton  Ferry,  high  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

60  feet  south  of  river,  25  feet  east  of  creek,  nail  in  sweet  gum  tree 

Surface  of  water 

Bakers  Feny,  small  shoals,  surface  of  water 

Bakers  Ferry,  20  feet  southwest  of  river,  nail  in  root  of  large  birch  tree. 

Bakers  Ferry,  surface  of  water 

Wahache  Creek,  mouth  of,  surface  of  water 

BeUs  Bridge,  north  side,  nail  in  joist 

Bells  Bridge,  surface  of  water 

Bells  Bridge,  high  water 

Bells  Bridge,  floor  of 

BcUs  Bridge,  250  feet  north  of  river,  large  pine  tree  near  path  to  river, 
nail  in  tree 

Mouth  of  small  stream,  surface  of  water 

Falling  Creek,  mouth  of,  surface  of  water 


Elevation 
In  feet. 

295.77 

280 

300 

281 

281 

288 

289 

304.9 

291 

292 

293 

295 

307 

310 

311.57 

319 

329 

339 

347.77 

351 

355 

361.44 

355 

364 

355 

356 

367.59 

356 

356 

364 

3,57 

360 

373.60 

360 

386 

393.2 

375.34 

361 

362 
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Eievatiana  on  Broad  River  from  mouth  to  Harrison  Bridge,  3  mUes  southwest  of  Camuh 

viUe — Continuod. 


Distance 
in  miles. 


16 

16.4 

16.4 

16.4 

16.4 

16.4 

17.7 

18.9 

18.9 

20 

20 

21.3 

22.1 
22.5 

23.1 

23.1 

23.1 

23.1 

24.8 

24.8 

25.2 

25.2 

25.2 

25.5 

26 

26.7 

26.7 

28 

28.5 

28.5 

28.6 

28.6 

30 

30.9 

31 

31.3 


Foot  of  shoals,  surface  of  water 

Fishdam,  foot  of,  surface  of  water 

Fishdam,  head  of,  surface  of  water 

Fishdam  Ferry,  north  side  river,  nail  in  root  of  lai^  water  oak  tree. . 

Fishdam  Ferry,  surface  of  water 

Fishdam  Ferry,  south  side  of,  nail  in  root  of  gum  tree 

Surface  of  water 

North  of  river,  point  on  rock 

Surface  of  water 

Grimes  old  ferry,  edge  of  river,  nail  in  root  of  white  oak  tre<» 

Grimes  old  ferry,  surface  of  water 

500  feet  south  of  river,  river  road,  25  feet  south  of,  nail  in  root  of  ! 
Spanish  oak I 

Mouth  of  large  creek,  surface  of  water 


Pinegrove,  400  feet  north  of  river,  900  feet  west  of  large  creek,  nail  in  : 
root  of  pine  tree 

Mattox  Bridge,  north  side,  nail  in  plank j 

Mattox  Bridge,  surface  of  water 

Bridge  floor • 

High  water 

Rock  cliff,  near,  40  feet  south  of  river,  nail  in  root  of  gum  tree , 

Surface  of  water ' 

Jones  Ferry,  east  side,  nail  in  root  of  water  oak  tree , 

Jones  Ferry,  surface  of  water I 

High-water  mark 

i  Jones  Ferry,  0.3  mile  above,  40  feet  west  of  river,  nail  in  white  oak  tree . 

Surface  of  water 

Millstone  Creek,  mouth  of,  60  feet  east  of,  25  feet  south  of  river,  nail  in  i 
side  of  box  elder 

Millstone  Creek,  mouth  of,  surface  of  water 

Gold  ^iine  Cliff,  surface  of  water i 

Horseshoe  Bend,  head  of,  150  feet  south  of  river,  in  cornfield,  nail  in 
Spanish  oak 

Dove  Creek,  mouth  of,  surface  of  water 

Bend  in  river,  surface  of  water 

Surface  of  water 

260  feet  north  of  river,  nail  in  root  of  pine  tree 

Surfacf»  of  water 

Martins  old  ferry,  near  spring,  point  on  rock 


Junction  South  Fork  and  Broad  Rivera-southeast  point  of  rivers,  nail 
in  side  of  birch  tree , 


31. 3  ■  Surface  of  water. 


363 

368 
374-  :i5 
368 
374.87 
36S 

3Sa6r'. 

370 
375.  51 
371 

388,  jc^ 
372.  S 

398-  r>i 

401.  :i^ 

374 

•KM 

400 

397  S> 

377 

393.43 

377 

401 

394. 3S 

380 

392.61 

381 

384 

405.67 

386 

396.4 

386 

411.3 

391 

420.14 

395.  Ni 
391 
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Elevatitma  on  Broad  Rivtr  from  mouth  to  Harrison  Bridge  ^  S  mUes  aouihwest  of  Cames- 

vUle — Continued. 


Oistanoe 
in  miles. 


32.4 

32.9 

32.9 

32.9 

33.4 

33.4 

34 

34.4 

34.4 

ai.4 

34.7 

34.7 
34.7 
35.9 

35.9 
35.9 
36.8 
»7.5 

:r7.5 

37.8 

37.9 

38.6 

39 

39 

39.1 

39.1 
39.1 
39.1 
39.4 
39.8 
39.8 
39.8 
40.4 
40.4 
40.5 
41.1 

41.1 


Detwilcr  Feny,  foot  of  shoals,  surface  of  water 

Detwilcr  Ferry,  east  side,  edge  of  water,  slanting  Spanish  oak,  nail  in . . 

Detwiler  Ferry,  head  of  shoals,  surface  of  water 

Detwiler  Ferry,  high  water 

Seaboard  Air  Line  bridge,  abutment,  east  side  of  river,  350  feet  from. 

Seaboard  Air  Lane  bridge,  surface  of  water 

Moore  Shoals,  surface  of  water 

Old  mill,  25  feet  east  of  river,  point  on  rock 

Old  mill,  mouth  of  stream,  surface  of  water 

Moore  Shoals,  head  of,  surface  of  water 

Bells  Ferry,  edge  of  river,  2  feet  from  road,  overhanging  Spanish  oak, 
nail  in 

Bells  Ferry,  surface  of  water 

Bells  Ferry,  high  water 

Harpers  Ferry,  north  side  of  river,  east  side  ferry,  nail  in  root  of  black 
gam  tree 

Harpers  Ferry,  surface  of  water 

Harpers  Ferry,  high  W'lter 

Holly  Branch,  mouth  of,  surface  of  water 

Moon  Ferry,  east  of  ferry,  nail  in  side  of  white  oak  tree 

Moon  Ferry  t  surface  of  water 

Surface  of  water 

Mouth  of  creek,  surface  of  water 

Payton  Shoals,  foot  of,  surface  of  water 

Payton  Shoals,  east  side  of  river,  nail  in  sycamore  tree 

Payton  Shoals,  head  of  shoals,  surface  of  water 

South  Pavton  Ferry,  25  feet  from  river,  east  side  of  ferry,  nail  in  side 
of  deacl  willow  tree 

Payton  Ferry,  high  water 

Payton  Ferry,  surface  of  water 

Payton  Ferry,  high  water 

Payton  No.  2,  head  of  shoals,  surface  of  water 

Victory  Ferry,  overhanging  birch  tree,  nail  in  side  of 

Victory  Ferry,  surface  of  water 

High  water 

Moon  Ferry,  nail  in  root  of  white  oak  tree 

Moon  Ferry,  foot  of  shoals,  surface  of  water 

Moons  Shoals,  head  of,  surface  of  water 

Bend  in  river,  1 ,500  feet  east  of  Mill  Creek,  east  side  river,  point  on 
rock 

Surface  of  water , , 


Klovatlon 
In  feet. 

395 

406.07 

402.1 

423.6 

420.28 

402 

404 

416.23 

409 

411 

418.87 

412.3 

430 

422.54 

414 

432 

416 

423.19 

418 

419 

420 

422 

428.57 

425 

431.35 

449 

427 

449 

429 

432.17 

430 

450 

442.62 

431 

433 

443. 14 

438 

44 


RIVER   SURVEYS    AND   PROHLES   OF   1903. 


[JCO.  II' 


Elevations  on  Broad  River  from  jrundh  to  Harrison  Bridge,  3  miles  southwest  of  Cames- 

viUe — Continued. 


Distance 
in  miles. 


41.4 
41.4 
42.2 
42.7 
42.7 
42.7 
43.0 
43.3 
43.3 
43.8 
43.8 
44.2 
44.6 
44.6 
45.  5 
45.5 
45.5 
45.6 
46.2 
46.5 
46.5 
46.5 
47.7 

47.7 
48.9 
49.6 
50.4 
50.4 
50.4 
50.4 
51.2 
51.6 
52.3 

52.4 
53.2 
53.9 
54.7 
54.7 
54.7 


Mill  Shoal  Creek,  mouth  of,  surface  of  water 

Surface  of  water , 

Head  of  shoals,  surface  of  water 

Moore  Ferry,  west  side  of,  large  spruce  oak  tree,  nail 

Moore  Ferry,  surface  of  water 

High  water 

Moore  Shoal,  at  spring,  foot  of  shoals,  surface  of  water 

Shoals,  surface  of  water 

Moore  Shoals,  near  head  of,  point  on  rock 

Browns  Ferry,  burnt  stump  northeast  of  river,  nail  in 

Browns  Ferry,  near  head  of  Moors  shoals,  surface  of  water 

Moore  Shoals,  head  of,  surface  of  water 

Dudleys  Shoals,  east  bank  of  river,  point  on  rock 

Surface  of  water 

Dudley  Ferry,  black  gum  tree  north  side  of  ferry,  nail  in  root 

Dudley  Ferry,  surface  of  water 

High-water  mark 

Bryant  Shoals,  foot  of,  surface  of  water 

Bryant  Shoals,  head  of,  surface  of  water , 

Sawmill,  Spanish  oak  tree,  50  feet  from  river,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Bluestone  Creek,  north  side  river,  1 .2  miles  below  Bluestone  Creek, 
point  on  rock 

Surface  of  water 

Mouth  of  Bluestone  Creek,  surface  of  water 

Surface  of  water 

New  Lattice  Bridge,  east  side  of  river,  nail  in  floor  of 

Bridge  floor 

Bridge,  surface  of  water 

High-water  mark 

Mouth  of  stream,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Eleratk:) 

inlSe«t. 


Winters  Creek,  just  below  bend  in  river,  surface  of  water,  temporary 
benchmark 

Winters  Creek,  mouth  of,  head  of  shoals,  surface  of  water 

Surface  of  water 

Mouth  of  stream,  surface  of  water 

Bragg  Ferry,  2  feet  from  river,  nail  in  root  large  red  oak  tree 

Bragg  Ferry,  mouth  of  Hudson  River,  surface  of  water 

High-water  mark 


439 

441 

450 

4a5. 77 

450 

460 

4.^ 

462 

470 

482.09 

471 

4S2 

489. 2s 

4«2 

5(12 

4S7 

504 

489 

496 

506.55 

502 

506 

518. 3S 

512 

617 

521 

546.44 

M8.8 

523 

548.1 

523.7 

526 

545 

529 

532 

535 

541.75 

537 

567 
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Elevations  on  Broad  River  from  mouth  to  Harrison  Bridge^  3  miles  soulhtoesi  of  Comes- 

viOe — Continued. 


Distance 

in  miles. 


55.2 
55.7 
55.7 
55.7 
57.2 
57.3 
57.6 
57.7 
57.7 
58.1 
58.8 

58.8 
59.1 
50.1 
50.1 
50.1 
59.7 
59.9 
60.6 

60.9 
60.9 
61.5 
61.6 
62.1 
62.2 
62.3 
62.8 
63.2 
63.4 
63.4 
63.4 
64.6 
64.6 
64.6 
64.6 


Surface  of  water , 

Dove  Bridge,  southeast  corner  of,  nail  in  side  of  white  oak  tree 

Dove  Bridge,  surface  of  water 

High  water 

Foot  of  shoals,  surface  of  water , 

Head  of  shoals,  surface  of  water , 

Surface  of  water , 

Creek,  60  feet  southeast  of  mouth  of,  nail  in  white  oak 

Creek,  mouth  of,  surface  of  water , 

Mouth  of  stream,  surface  of  water 

Middle  Broad  and  Broad  rivers,  forks  of,  walnut  tree  75  feet  west  of 
fork,  nail  in  side 

Surface  of  water 

Double  Bridge,  northwest  side  of,  nail  in  plank 

Surface  of  water 

High-water  mark 

Bridge  floor 

Head  of  shoals,  surface  of  water 

Surface  of  water 


Corey  Creek,  0.6  mile  below,  largo  rock  projecting  out  from  bank 
pomt  on 


Small  shoals  in  river,  surface  of  water 

Corey  Creek,  mouth  of,  surface  of  water 

Bend,  on  east  side  river,  point  on  rock 

Surface  of  water 

Fish  dam,  surface  of  water 

Surface  of  water 

Bend  in  river,  east  side,  point  on  rock  cliff 

Philip  Shoals,  head  of,  surface  of  water 

Stephens  Creek,  mouth  of,  surface  of  water 

Ford,  oak  tree  75  feet  north  of,  nail  in  north  side  of 

Surface  of  water 

Surface  of  water 

Harrison  Bridge,  east  of,  north  of  river,  nail  in  root  of  Spanish  oak  tree . 

Surface  of  water 

Bridge  floor. 
Hl^-water  mark. 


Elevation 
in  feet. 


541 

561.78 

542 

569 

548 

552 

554 

563.30 

556 

556 

575. 16 

557 

581.11 

563 

576 

584 

570 

573 

581.02 

580 

581 

591.15 

584 

586 

588 

598.  59 

591 

592 

603.49 

503 

594 

607.07 

596 

613.7 

612 
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SOUTH    AND    OCMULGEE    RIVERS.  FROM     CONSTITUTION     TO 

MACON,  GA. 

South  and  Ocmulgee  rivers  were  surveyed  from  Constitution  to 
Macon,  Ga.  For  the  first  28  miles  the  topography  was  plotted  on 
the  scale  of  1:45,000,  but  subseauently  on  the  standard  scale  of 
1 :  22,500.  The  levels  are  secondai  levels  based  on  the  United  States 
Geological  Survey  permanent  bench  mark  at  Constitution,  Gji. 
Eighty-six  bench  marks  were  established  and  200  wat^r-surface 
elevations  were  recorded. 

South  River  rises  in  the  city  of  Atlanta  and  flow^s  in  a  south- 
easterly direction  for  56 J  miles  and  then  joins  Yellow  River  to  fonii 
the  Ocmulgee.  For  11  or  12  miles  below  Constitution,  the  begin- 
ning of  the  survey,  the  river  is  narrow,  being  about  15  feet  wide  ai 
places.  All  along  the  north  side  of  the  river  in  this  stretch  are 
extensive  beds  of  clay,  which  at  certain  points  are  being  used  for 
brickmaking. 

Flakes'  mill,  11  miles  from  Constitution,  is  the  first  power  now 
utiUzed  on  the  river.  At  this  point  the  dam  is  6  feet  high.  Below 
for  6  miles  the  river  remains  shoaly  and  narrow  until  Flat  Shoal 
is  reached,  where  there  is  a  fall  of  12  feet  with  a  small  giistmill 
using  a  Uttle  of  the  power.  Near  here  the  river  is  very  crooked 
and  incloses  in  its  large  loops  flat,  sandy  stretches  of  country,  w^hich 
are  very  fertile.  Near  Flat  Shoal  is  Littlestone  Mountain,  with 
valuable  granite  quarries. 

At  Albert  Shoals,  7  miles  farther  down,  there  is  a  fall  of  16  feet 
in  half  a  mile.  The  river  is  here  about  125  feet  wide  and  the  vol- 
ume is  much  increased  by  a  number  of  tributary  streams.  The 
banks  are  sloping,  with  no  rock  visible.  The  power  site  has  recently 
been  purchased  by  a  company  which  proposes  to  develop  it. 

At  Simm's  mill,  3  miles  below,  is  a  small  2-foot  dam.  From  here 
to  Peachstone  Shoals,  a  distance  of  11  imles,  there  is  a  fall  of 
32  feet,  the  river  winding  through  good  bottom  lands.  Camp  and 
Honey  creeks  enter  the  river  in  this  stretch  and  add  a  large  amoimt 
of  water.  At  Peachstone  Shoals  is  a  2-foot  dam  which  backs  the 
water  for  one-half  mile,  and  w^ith  a  canal  about  400  feet  long 
develops  a  head  of  about  9  feet,  the  power  from  which  drives  sev- 
eral turbines  operating  a  grist  and  a  saw  null.  Soft  rock  is  visible 
on  the  west  bank,  while  the  east  bank  is  a  flat  sand  bar. 

About  8  mUes  below  are  the  Snapping  Shoals,  where  there  is  a 
fall  of  20  feet  in  a  distance  of  300  yards.  Near  the  lower  end  of  the 
rapids  several  small  islands  divide  the  channel  into  several  parts. 
SoUd  rock  is  close  to  the  surface  on  both  sides  of  the  river.  A  por- 
tion of  the  power  at  this  point  is  used  in  operating  a  large  roller 
flour  mill  and  sawmill.     Mr.  DeLoach,  the  owner,  is   taking  steps 
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to  develop  all  the  power  and  intends  erecting  a  large  cotton  factory 
at  this  point. 

Three  miles  below  here  is  Island  Shoal,  with  a  faU  of  10  feet  in 
250  yards.  Here  there  is  a  flour  mill  and  a  furniture  factory,  both 
operated  by  a  3-foot  dam  with  a  canal  1,200  feet  long.  The  head 
could  be  increased  by  adding  5  feet  more  to  this  dam  without  mate- 
rially damaging  any  property  above.  This  site  is  an  excellent  loca- 
tion for  power  development,  as  the  banks  are  high  and  solid  and 
the  length  of  the  dam  would 

probably  not  exceed  250     r 1  I  \  \h^^ 

feet. 

Eight  miles  farther  down 
is  the  Barnes  Shoal,  at  the 
mouth  of  Yellow  River.  A 
dam  here  would  be  about 
700  feet  long.  There  are 
excellent  foundations  and 
about  a  9-foot  fall. 

Farther  down  the  stream 
are  Keys  Shoals,  with  a 
3-foot  faU  and  several  mi- 
nor riffles  to  Lloyds  Shoals, 
which  has  a  fall  of  43  feet 
in  about  2^  miles,  at  the 
lower  end  of  which  there 
is  a  good  dam  site.  The 
river  at  this  point  is  only 
about  350  feet  wide,  with 
solid  rocky  banks  rising  50 
feet  on  either  side.  A  45- 
foot  dam  at  this  point 
would  do  a  trifling  amount 
of  damage  to  property 
above. 

Ten  miles  downstream 
is  Smith  Shoal,  with  a  fall 
of  12  feet,  where  a  2-foot 
dam  and  a  long  canal  at  present  run  Smith's  gristmill.  At  Lamars 
Shoals,  2  miles  below,  there  is  a  fall  of  19  feet  in  1  mile  with  a 
5-foot  dam  and  a  canal  running  a  flour  mill.  The  river  is  here  about 
1,000  feet  wide,  with  high,  rocky  banks,  and  has  a  number  of  small 
islands  and  large  rocks  scattered  all  through  it.  Twelve  miles  far- 
ther down,  at  JuUette,  Ga.,  is  an  important  shoal  which  has  been 
developed  by  Doctor  Glover.  There  is  a  15-foot  fall  in  one-half 
mile,  which  has  been  developed  by  an  8-foot  dam  with  a  short  canal, 
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and  runs  the  Glover  cotton  mills  and  the  Juliette  Milling  Company's 
plant. 

Twelve  miles  below  are  Dames  Shoals,  with  an  8-foot  fall  in  600 
feet.  A  6-foot  dam  at  this  point  suppHes  Carstarphens  gristmill, 
which  is  a  large  wholesale  plant.  The  bed  of  the  river  here  is  solid 
rock,  but  a  higher  dam  would  flood  valuable  bottom  lands  above. 

Popes  Shoals  have  a  5-foot  fall  in  a  quarter  of  a  mile,  and  Taylor's 
shoals  have  a  5-foot  fall  within  a  few  hundred  yards. 

The  elevations  in  the  following  lists  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitoI  build- 
ing at  Atlanta  marked  "  1050  M  C,''  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level.  The  leveling  on  Soutli  and 
Ocmulgee  rivers  is  adjusted  to  accord  with  elevations  of  precise  level 
bench  marks  at  Constitution,  Hoi  ton,  and  Macon,  Ga.,  by  the  190o 
adjustment. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Ftanck, 
field  assistant,  by  Joseph  Palmer,  level  man. 

Elevations  on  South  River  from  Constitution  to  junction  ivith  Yellow  River  {hsad  of  OcmuL^e 

River)  near  WorthviUe. 


Distance 
in  miles. 


0.0 

.0 

2 

2 

2.8 

2.8 

7 

7 
10 

12.6 
12.6 
16.3 

16.3 

20.6 
20.6 
23.6 
23.6 
25.3 
26.4 
26.4 


Constitution,  25  feet  south  of  Southern  Railroad,  4  feet  east  of  sign- 
board, iron  post  marked  "  847  Monehead  1898  " 

Surface  of  water 

Intrenchment  Creek,  mouth  of,  nail  in  root  of  black  gum 

Surface  of  water 

McNeals  Bridge,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Kellers  Bridge,  north  end.,  iron  bolt 

Surface  of  water 

Shoal  Creek  bridge,  surface  of  water 

Flake's  mill,  nail  in  root  of  birch  tree 

Surface  of  water 

Flat  Shoal  Bridge,  south  side  of  river,  east  side  of  approach,  on  stx>ne 
abutment 

Surface  of  water 

Foot  of  shoal 

Parkers  Bridge,  nail  in  root  of  sweet-gum  tree 

Surface  of  water 

Daniels  Bridge,  lower  side,  right  end  of,  point  of  stone  pier 

Surface  of  water 

Simms  Bridge,  surface  of  water 

Knight  Creek,  50  feet  above  mouth,  on  root  of  sycamore,  naU 

Surface  of  water 


Elevation 
in  feet. 

&47.006 

772 

773.77 

770 

769.57 

768 

751.92 

750 

737 

733.26 

728 

708.71 

698 

686 

678.76 

672 

667.97 

649 

635 

639.28 

629 
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ItUevtUioM  on  South  River  from  ConMuHon  to  junction  wUh  YeUaw  River  (head  of  Oemrdgee 

River)  near  WorthviHe — Continued. 


X>iatance 
in  mUea. 


31 
31 
36 
36 

41 
41 
43 
43.1 


45.3 


Elevation 
in  feet. 


Oglesbya  Bridge,  25  feet  above,  nail  in  root  of  oak  tree  . 

Surface  of  water 

Peachstone  Falls,  nail  in  root  of  water  oak 

Peachstone  Shoals,  head  of,  surface  of  water 

Peachstone  Shoals,  foot  of,  surface  of  water 

Butler  Bridge,  30  feet  below,  nail  in  root  of  red-oak  tree. 

Surface  of  water 

Snapping  Shoals,  head  of,  surface  of  water 


Snapping  Shoals  Bridge,  40  feet  from  north  approach,  on  root  of  water 
oak 


Snapping  Shoals,  foot  of,  surface  of  water. 
Island  Shoals,  head  of,  surface  of  water  . . . 


45.3 

50.8 

50.8 

52.1  i 

52.1 

Island  Shoals  Bridge,  near  south  approach  of,  nail  in  root  of  white 
oak 

Surface  of  water 

Manns  Bridge,  on  south  side  of  river,  20  feet  below,  nail  in  root  of 
hickory  tree 

Surface  of  water 

Yellow  River,  mouth  of,  oppa^ite,  nail  in  root  of  pine  tree 

Surface  of  water 


622.02 
614 
605.71 
597 

589 

uo7.  lo 

569 
562 

559.66 

542 

536 

534.89 
525 

518.  49 
503 
506.94 
498 


Elevations  on  OcmuLgee  River  from  heady  at  junction  of  South  and  Yellow  rivers ^  near  Worth- 

ville,  to  Macon. 


Distance 
in  miles. 


7.4 
7.4 
7.9 


7.9 
9.2 
9.2 


Elevation 
in  feet. 


0. 0  '  Yellow  River,  opposite  mouth  of,  nail  in  root  of  pine 

.  0  '  Surface  of  water 

I 
Alcovy  River,  opposite  mouth  of,  nail  in  root  of  large  white  oak. 

I  Surface  of  water 


4. 1  I  Tusahaw  Creek,  mouth  of,  head  of  Lloyds  Shoals,  nail  in  root  of  water 
oak 


4. 1  I  Surface  of  water 

6. 4  j  Lloyds  Shoals,  foot  of,  surface  of  water 

Pittmans  Ferry,  near  south  side  of,  nail  in  root  of  beech  tree. 

Surface  of  water .• 


Yellow  Water  Creek,  30  feet  above  mouth  of,  nail  in  root  of  hickory 
tree 


Surface  of  water 

Giles  Ferry,  nail  in  root  of  pine  tree. 
Surface  of  water 


506.94 
498 
494.27 
484 

482.12 

472 

429 

434.96 

425 

433.97 
422 
430.01 
420 
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Elevations  on  Ocmutgee  River  from  head,  at  junction  of  South  and  YeUow  rivers, 

rifle,  to  Macon — Continued. 


near  Wari^ 


Distance 
In  miles. 


9.2 
10.7 
10.9 

10.9 
11.9 
11.9 
14.1 
14.1 
17.8 
17.8 
19.4 

19.4 
22.5 
22.5 
22.9 
22.9 
24.4 
24.4 
25.4 
25.9 
27.3 

27.3 

28.5 

28.5 

32.4 

32.4 

33.9  • 

33.9 

34.9 

35     ; 

36.4  ! 

36.4 
36.9 
36.9 
36.9 
37.9 
37.9 


Smiths  Shoals,  head  of,  surface  of  water 

Smiths  Shoals,  foot  of,  surface  of  water 

Smiths  Ferry,  on  south  side,  20  feet  above  landing,  nail  in  root  of  ash 
tree 

Surface  of  water 

Lemars  Shoals,  head  of,  surface  of  water 

Lemars  Shoals,  foot  of,  surface  of  water 

Goodmans  Ferry,  south  side  of  river,  nail  in  root  of  lai^ge  red  oak  tree 

Surface  of  water 

Wards  Ferry,  south  side  of  river,  nail  in  root  of  water  oak 

Surface  of  water 

Big  Sandy  Creek,  Southern  Railway  bridge  over,  4  feet  south  of  rail,  2 
feet  from  east  end  bridge,  point  on  stone  pier 

Surface  of  w^ater 

Bridges  Ferry,  south  side  of  river,  nail  in  root  of  large  water  oak  tree 

Surface  of  water 

South  bank  river,  10  feet  from  water,  nail  in  root  of  large  oak  tree 

Surface  of  water 

Towaliga  River,  south  bank  at  mouth  of,  nail  in  root  of  red  oak 

Surface  of  water 

Glovers  Shoals,  head  of,  surface  of  water 

Glovers  Shoals,  foot  of,  surface  of  water 

Glovers  Ferry,  10  feet  south  of  we^t  approach,  nail  in  root  of  beech 
tree 

Surface  of  water I 

Mitchells  Ferry,  10  feet  south  of  west  end,  nail  in  root  of  red  oak  tree. . 

Surface  of  water i 

I 

25  feet  from  river,  opposite  milepost,  nail  in  root  of  thunden^'ood  tree. . I 

Surface  of  water 

Danns  Ferry,  10  feet  south  of  west  end  of,  nail  in  root  of  ash  tree 

Surface  of  water I 

Carstarphens  Shoals  and  dam,  head  of,  surface  of  water 

Foot  of  dam,  surface  of  water 

Foot  of  shoal?,  surface  of  water 

Rum  Creek,  north  abutment  west  end  of  Southern  Railway  bridge  I 


ElpTatk>8 
in  I**:. 


420 

40K 

410  » 
407 

406 
3S7 

400  74 

as2 

302  t^ 
375 

399  4r, 

374 

3S2.S2 

370 

38S.  i:> 

36S 

379  34 

368 

366 

351 


over. 


Surface  of  water 

Popes  Station,  in  front  of,  top  of  west  rail 

Popes  Ferr}',  south  end  of,  nail  in  root  of  water  oak. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water ". 


361. 

10 

346 

361- 

74 

344 

340.79 

330 

33,1 

<» 

32S 

32S 

322 

320 

347. 

32 

318 

348. 

2;^ 

326. 

Ss 

318 

317 

312 
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JSlevations  <m  Oemvlgee  River  from  heod,  at  junction  of  South  and  Yellow  rivers,  near  Worth- 

vHkf  to  Macon — Continued. 


Distance 
in  miles. 


4L9 

41.9 
47.7 
47.7 
49.9 

49.9 
54.9 


Holton,  35  fe^t  north  of  station:  29  feet  west  of  center  of  track,  irbn 
post  marked  "339  Morehead  1898" 

Surface  of  water 

Virgin,  west  rail  of  upper  switch  of  Southern  Railway  at 

Surface  of  water 

Macon  waterworks,  just  below,  30  feet  east  of  track,  100  feet  below 
mouth  of  small  creek  on  south  side  of  river,  nail  in  root  of  pine  tree 

Surface  of  water 

Macon,  post-office  building,  at  comer  of  Mulberry  and  Third  streets, 
at  left  of  Mulberry  street  entrance,  in  water  table,  aluminum  tablet 
marked  '334  Morehead  1898" 


Elevation 
in  feet. 


338.733 
299 
322.52 
282 

301.88 
278 

333.942 


YELLOW  RIVER  BELOW  YELLOW  RIVER,  GA. 

Yellow  River  was  surveyed  from  its  mouth,  near  Worthville,  Ga., 
upstream  to  Simmons's  mill,  near  Yellow  River,  Ga.,  a  distance  of 
57  miles.  The  scale  upon  which  the  field  work  is  plotted  is  1 :  22,500. 
During  the  course  of  the  survey  54  bench  marks  were  established 
and  103  water-surface  elevations  obtained. 

Yellow  River  flows  in  a  southeasterly  direction  and  contains  some 
valuable  power  sites,  both  developed  and  in  a  natural  condition. 
One-half  mile  above  its  mouth  are  the  Indian  Fishery  Shoals,  where 
there  is  a  fall  of  12  feet  in  about  200  feet.  The  river  is  here  about 
300  feet  wide,  but  a  narrow  neck  projecting  just  below  the  shoals 
and  several  rocky  islands  considerably  reduce  the  probable  expense 
of  construction.  There  is  a  gristmill  and  a  cotton  gin  in  operation 
here,  using  perhaps  nine-tenths  of  the  available  power. 

For  18  miles  above  the  river  runs  between  high  banks,  alternating 
with  low  bottoms  to  Langdon  Shoals,  without  any  marked  shoals 
except  at  Lees,  where  there  is  a  fall  of  2  J  feet,  and  Flat  Shoals,  with 
a  1-foot  fall.    Langdon  Shoals  have  only  a  4-foot  fall. 

Three  miles  above,  at  Porterdale,  is  the  finest  power  site  on  the 
river,  where  extensive  developments  have  been  made  by  the  Bibb 
Manufacturing  Company,  which  has  a  large  cotton  and  twine  factory 
at  tliis  point.  Here  there  is  a  fall  of  67  feet  in  half  a  mile,  with  a 
12-foot  dam  at  the  upper  end  of  the  shoal.  The  banks  at  the  foot 
are  very  high,  but  gradually  become  lower  until  just  above  the  dam 
large  bottoms  begin  and  continue  for  5  miles.  Five  miles  above 
the  Georgia  Railroad  is  the  next  power,  McDaniels  Shoals,  where 
there  is  a  7-foot  fall  in  a  very  short  distance,  and  a  6-foot  dam  operat- 
ing a  gristmill.     The  north  bank  is  solid  rock,  sloping  gently,  but 
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the  south  bank  shows  no  outcrop.  The  power  developed  by  this 
dam  could  be  much  increased  with  small  cost. 

Above  this  point  the  bottoms  become  narrower  and  the  river 
banks  more  rugged  and  higher  until  at  Milstead,  Ga.,  4J  miles  above, 
there  is  a  fall  of  45  feet  in  half  a  mile.  A  15-foot  dam,  with  canal, 
is  completed  here,  and  two  large  cotton  factories  are  being  constructed. 
Railroad  facilities  have  recently  made  this  a  valuable  site  for  mills, 
and  a  large  granite  quarry  has  been  opened  up  at  the  same  point. 

Eleven  miles  above  are  Anniestown  Shoals,  with  a  23-foot  fall, 
where  there  is  an  1 1-foot  dam,  which  formerly  supphed  power  used 
to  operate  a  cotton  mill  of  the  old  type.  The  banks  here  are  all 
hard,  unseamed  rock,  and  the  site  could  be  developed  into  valuable 
property. 

Two  and  one-half  miles  above  are  some  shoals  with  a  14-foot  fall  in 
half  a  mile.     The  power  is  undeveloped,  but  is  in  a  rather  inac^^essible 
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FiQ.  7.— Profile  of  Yellow  River  below  Yellow  River,  Oa. 
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section  of  the  country.  Above  this  point  the  river  flows  through  a 
very  rough  country  for  10  miles,  passing  no  important  shoals  until 
the  next  power  is  reached,  at  Yellow  River,  Ga.,  the  end  of  the 
survey.  Here  is  a  dam  7.3  feet  high,  which  operates  the  Simmons 
roller  mills.  The  lower  reaches  of  the  river  are  thickly  settled,  cot- 
ton and  grain  being  the  principal  crops,  but  the  upper  part  of  the 
river  is  almost  entirely  in  timber  land. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  build- 
ing at  Atlanta,  marked  "  1,050  M  C,'*  the  elevation  of  which  is 
accepted  as  1,049.546  feet  above  mean  sea  level.  The  initial  point 
of  this  list  is  a  bench  mark  of  flying  levels  on  Ocmulgee  River. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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ElevatiofM  on  TeUow  River  from  mouth  near  WorOiviUe  to  TeHow  River,  Qa, 


Distance 
in  miles. 


0.0 

.0 

.6 

.5 

.0 

2.5 

2.6 

4.7 

4.7 

6.2 

6.2 

10.7 

10.7 

13.8 

13.8 

16.9 
16.9 


17.7 

17.7 
17.7 

20.8 

20.8 

22.8 

22.8 

23 

23 

24.3 

26 

26 

28.2 

28.2 

30.5 
30.5 


Tellow  River,  mouth  of,  opposite,  nail  in  root  of  pine  tree 

Surface  of  water 

Indian  Fishery  Shoals,  10  feet  of  from  water, nail  in  root  of  ash  tree. . 

Foot  of  shoals,  surface  of  water 

Head  of  Indian  Fishery  Shoals,  surface  of  water 

Aliens  bridge,  east  bank,  20  feet  from  river,  nail  in  root  of  maple  tree. 

Surface  of  water 

Lees  Shoals,  foot  of,  west  bank,  nail  in  root  of  ash  tree 

Surface  of  water 

Lees  Shoals,  head  of,  surface  of  water 

Pickett  Bridge,  on  east  bank,  nail  in  root  of  white  oak 

Surface  of  water 

Flat  Shoal  Bridge,  west  bank,  nail  in  root  of  white  oak 

Surface  of  water 

Langdons  Shoals,  west  bank,  15  feet  from  river,  nail  in  root  of  white 
Of^ 

Surface  of  water 

Langdons  Shoals,  head  of,  surface  of  water 

Porterdale  Shoals,  foot  of,  10  feet  from  river,  west  bank,  nail  in  root 
of  white  oak 

Surface  of  water 

Porterdale  dam,  foot  of,  surface  of  water 

Porterdale  dam,  head  of,  surface  of  water 

Porterdale,  30  feet  from  dam,  20  feet  from  south  approach,  nail  in 
root  of  white  oak 

Surface  of  water 

Waeon  bridge,  east  side  of  river,  at  extreme  south  end  of  bridge,  top 
of  steel  poet-  of  railing 

Browns  Bridge, 60  feet  above,  10  feet  from  river,  on  root  of  gum  tree. 

Surface  of  water 

Tin  Bridge,  on  west  bank  river,  nail  in  root  of  poplar  tree 

Surface  of  water 

Qeorgia  Railroad  bridge,  west  side  of  river,  on  top  of  rock,  chisel  mark. 

Surface  of  water 

Hendricks  Bridge,  north  bank  of  river,  nail  in  root  of  water  oak  . . . 

Haynes  Creek,  opposite  mouth  of,  nail  in  root  of  water  oak 

Surface  of  water 

McDaniels  Bridge,  west  bank  of  river,  nail  in  root  of  lai^  water  oak. 

Surface  of  water 

McDaniels  dam,  head  of,  surface  of  water 

West  side  of  river,  Pine  Log  Bridge,  10  feet  below,  nail  in  root  of  pine. 

Surface  of  water 


Elevation 
in  feet. 


506.94 

500 

517. 24 

504 

516 

528.49 

517 

528.49 

520 

523 

539.23 

526 

551.24 

534 

549.69 

539 

543 

561.05 
549 
604 
616 

618.38 
616 

627.81 

622.81 

611.6 

627.49 

617 

642.05 

617 

639.11 

632.26 

624.6 

644.17 

632 

641 

650.55 

641 
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ElevatioM  on   YeUow  River  from    mouth   near   WorihvQle  to  Yellow  River,  Ga. — 

Continued. 


Distance 
in  miles. 


32.2 

32.2 

32.8 

32.8 

33 

33 

33 

33 
35.4 

35.4 
36.5 
36.5 
39.4 
39.4 
40.2 
40.3 
40.8 
40.9 
40.9 
40.9 
41.3 

41.9 

41.9 

42.4 

42.4 

43.2 

43.2 

44 

44 

45.5 

45.5 


ElevAtinn 
in  fei?l. 


Botosh  Creek,  100  yards  above  mouth  of,  left  bank  of  river,  nail  in 
root  of  pine 

Surface  of  water , 

Foot  of  Milstead  Shoals,  west  bank,  nail  in  pine  tree , 

Surface  of  water , 

Milstead,  foot  of  dam,  surface  of  water 

Milstead,  top  of  dam,  surface  of  water " , 


40  feet  above  wagon  bridge,  on  south  side  of  river,  nail  in  root  of  large 
white  oak , 

Surface  of  water 

Irvins  Bridge,  20  feet  above,  left  bank  of  river,  nail  in  root  of  hickory 
tree 


47.2 
48.6 


Surface  of  water 

Right  bank,  nail  in  root  of  water  oak 

Surface  of  water 

Johnsons  Bridge,  east  end  of,  top  of  bolt 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water 

Surface  of  water .* 

Old  dam,  west  side,  on  point  in  stone  masonry. 

Surface  of  wat-er 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Opposite  shoals,  right  bank,  20  feet  from  stream,  nail  in  root  of  white 
oak , 

Surface  of  water 

Mountain  Creek,  opposite,  nail  in  root  of  white  oak 

Surface  of  water 

Rock  Bridge,  on  left  bank,  top  of  stone  pier  of 

Surface  of  water 

West  bank,  10  feet  from  river,  nail  in  root  of  ash  tree 

Surface  of  water 

Opposite  foot  of  shoals,  nail  in  root  of  hickory  tree 

Surface  of  water 

Anniestown  Shoals,  foot  of,  surface  of  water 

Annicstown  dam,  foot  of,  surface  of  water 

Head  of  dam,  surface  of  water 


Anniestown,  east  bank  of  Haydens  Branch,  nail  in  root  of   large 
birch  tree 

Old  mill,  on  large  rock  opposite,  chisel  mark ' . . . 


rw3  9ii 

544 

657. 

41 

647 

677 

092 

701. 

33 

692 

097. 

>ci 

(»r2 

700.  62 

694 

717. 

.--3 

702 

7a5 

707 

709 
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722. 

SS 

712 

714 

715 

730.91 

715 

727. 

91 

720 

740.  60 

724 

72S. 
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727 

74S 
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729 

737 

760 
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ElevaiioM  on  YeUow^River  from  mouth  near  WorthviUe  to  YeRow  River ^  6a. — 

Continued. 


Distance 
in  miles. 

48.6 

50.5 

50.5 

51.7 

51.7 

53 

53 

54 

55 

55 

55.7 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Sextons  Bridge,  on  stone  pier  at,  top  of  iron  bolt 

Surface  of  water 

Opposite  shoals,  nail  in  root  of  pinf 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  nail  in  root  of  hickory  tree 

Surface  of  water 

Surface  of  water 

Yellow  River  Bridge,  left  bank,  nail  in  root  of  oak 

Surface  of  water 

Yellow  River,  east  bank,  lOOyardsa  bove  Sirnmon.s's  mill,  nail  in  root 
of  large  water  oak 

Simmons's  mill,  below  dam,  surface  of  water 

Simmons's  mill,  head  of  dam,  surface  of  water : 


Elevation 
in  feet. 


772 

786 

809.94 

791 

808.42 

793 

797 

802 

818. 17 

804 

807 

825.41 

815 

834.86 

819 

826 


ALCOVY   RIVER  BELOW  DABNEY'S  BRIDGE,  GEORGIA. 

In  connection  with  this  survey  17  bench  marks  were  established 
and  26  water  elevations  were  recorded.  The  total  fall  in  the  distance 
surveyed  is  231  feet,  but  at  only  two  points,  namely,  White  and 
Factory  shoals  and  Henderson  Shoals,  is  the  fall  considerable.  The 
remainder  of  the  river  is  mostly  sluggish,  and  tree  trunks,  driftwood, 
and  other  debris  greatly  retard  the  flow,  so  that  during  the  rainy 
season  the  river  is  slow  to  discharge,  causing  the  water  to  rise  higher 
or  spread  out  wider  than  is  usually  the  case  with  rivers  in  this  section 
of  Georgia.  The  average  width  of  the  river  is  about  125  feet,  except 
where  shoals  occur,  at  which  points  it  sometimes  widens  to  300  feet. 
Very  wide  and  low  bottom  lands  are  on  each  side  for  the  first  7  miles 
upstream  from  its  mouth.  Then  the  topography  suddenly  changes 
and  is  much  more  abrupt  and  broken  for  several  miles. 

At  the  mouth  of  Bear  Creek,  which  enters  from  the  east  8  miles 
above  the  mouth  of  the  Alcovy,  is  the  beginning  of  White  and  Factory 
shoals,  which  form  one  continuous  series  with  a  fall  of  83  feet  in  one- 
half  mile.  Here  the  river  is  in  a  gorge  300  feet  wide,  with  banks 
over  100  feet  high  at  several  places,  and  midway  of  this  shoal  is 
an  excellent  site  for  a  dam.  Granite,  apparently  free  from  seams, 
is  exposed  at  the  surface  on  both  sides  of  the  river,  while  the  river 
bed  itself  is  solid  rock.     A  dam   at   this  point  would  be  approxi- 
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mately  250  feet  long.  At  the  upper  end  of  the  shoals  is  another 
good  site  with  the  same  character  of  bottom.  A  dam  would  have 
to  be  about  325  feet  in  length,  and  a  large  volume  of  water  could  be 
stored  through  the  dry  season,  as  the  valley  widens  just  above  the 
dam  site.  A  dam  at  either  site  would  require  a  canal  from  the 
dam  to  the  foot  of  the  shoals.  An  old  corn  mill  at  this  point  uses 
a  small  wooden  dam  to  divert  the  water  into  its  flumes.  Many 
years  ago  a  large  cotton  factory  stood  on  this  site,  but  it  was  burned 
and  never  rebuilt. 

Six  miles  above  these  shoals  are  Henderson  Shoals,  with  a  fall  of  2 
feet.  A  6-foot  dam  has  been  erected  here  to  supply  power  for  a 
large  gristmill,  the  back  water  from  which  extends  to  Dabney's 
bridge,  4  miles  above. 


1,500 


> 

1,250-3 


1,000^ 


OHUes  5 


10         15         20  25         30  35         40         45  50 

Fio.  8.— Profile  of  Alcovy  River  below  Dabney's  bridge,  Georgia. 
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The  construction  of  dams  at  any  other  points  than  those  described 
would  result  in  the  sacrifice  of  much  valuable  bottom  land. 

The  soil  is  very  fertile,  and  splendid  crops  of  cotton  on  the  high 
lands  and  com  in  the  bottoms  are  grown  on  both  sides  of  the  river. 
With  better  drainage,  however,  a  much  larger  amount  of  land  could 
be  reclaimed  and  made  valuable  for  cultivation. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  biulding 
at  Atlanta  marked  "  1050  M  C,*'  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level,  as  determined  by  the  1903 
adjustment.  The  initial  point  of  this  list  is  a  bench  mark  of  flying 
levek  on  Ocmulgee  River. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A. 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 
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Elevations  an  Aleovy  River,  from  mouth,  near  WorthviUe,  to  Dabruy^s  bridge,  near  StarrgviUe. 


Distance 
in  miles. 


0.0 

.0 
1 
1 
2 
2 

3.9 
3.9 
4.9 
4.9 
5.9 
5.9 
6.3 
6.3 
6.4 
8.2 

8.2 

9 
9.2 

9.2 
9.2 
9.8 
9.8 
10 
10.8 
10.8 
11.5 
11.55 
12.3 
12.3 
13 
13 
13.3 
14 
14 
15 

15 


Elevation 
in  feet. 


Alcovv  Riyer,  mouth  of,  opposite,  on  west  bank  of  Ocmulgee  River, 
naif  in  root  of  white  oak 

Surface  of  water 

Right  bank  of  river,  nail  in  root  of  ash  tree 

Surface  of  water 

East  bank  of  river,  near  water,  nail  in  root  of  ash  tree 

Surface  of  water 

Waters's  bridge,  spike  in  northeast  comer 

Surface  of  water 

West  side  of  river,  near  water,  nail  in  root  of  ash  tree 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

Mackey  Shoals,  opposite  foot  of,  on  left  bank,  nail  in  root  of  ash  tree. 

Mackey  Shoals,  foot  of,  surface  of  water 

Mackey  Shoals,  head  of,  surface  of  water 

Mackey  Second  Shoals,  opposite  foot  of,  left  bank,  nail  in  root  ot  birch 
tree 

Mackey  Second  Shoals,  foot  of,  surface  of  water 

Mackey  Second  Shoals,  head  of,  surface  of  water 

Newton  Factoiy  Shoals,  foot  of,  surface  of  water 

Dam  at  White's  mill,  on  Newton  Factory  Shoals,  opposite,  naU  in  root 
of  black  gum 

Dam,  foot  of,  surface  of  water 

Dam,  top  of,  surface  of  water 

Newton  Factory  Bridge,  on  lower  end  of,  on  nut,  top  of  bolt 

Surface  of  water 

Newton  Factory  Shoals,  head  of,  surface  of  water 

Left  bank  of  river,  nail  in  root  of  red-oak  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Left  bank  of  river,  nail  in  root  of  water  oak 

Surface  of  water 

West  bank,  opposite  shoals,  nail  in  root  of  large  beech  tree 

Surface  of  water 

East  bank  river,  nail  in  sweet-gum  tree 

Left  bank  river,  nail  in  root  of  water  oak 

Surface  of  water 

Henderson's  bridge  and  mill,  right  bank  of  river,  near  end  of  bridge, 
nail  in  root  of  post  oak 

Surface  of  water 


494.27 

484 

493.73 

487 

498.40 

492 

506.55 

493 

505.37 

497 

505.51 

500 

512.77 

902 

504 

518.50 
505 
508 
509 

562.86 

553 

558 

592.81 

582 

592 

619.86 

593 

594 

596 

604.59 

597 

604.88 

598 

612.85 

620.76 

602 

618.99 
604 
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Elevations  on  Alcov^y  Rivera  from  mouth,  near  WorthvUlef  to  Dabney's  bridge,  near  Siarr*- 

vUle — Continued. 


Distance 
in  miles. 


Eksvaik-a 
in  feet. 


15        I  Henderson's  mill,  foot  of  dam,  surface  of  water 607 

I  I 

15        I  Henderson's  mill,  head  of  dam,  surface  of  water ;     613 

18. 3       Dabney's  bridge,  west  side  of  river,  near  end  of,  nail  in  root  of  water  j 

oak  (rai.sed  cut  with  hatchet) 627. 22 

18. 3       Surface  of  water 615 

I 


TOWALIGA   RIVER   BELOW    HIGHFALLS,  GA. 

Towaliga  River  was  surveyed  from  its  mouth,  near  Bemer,  Ga., 
to  Highfalls,  Ga.,  a  distance  of  21.7  miles.  The  levels  are  based  on 
a  line  carried  down  South  and  Ocmulgee  rivers  from  Constitution 
earlier  in  the  season.  The  plane-table  sheets  were  aU  plotted  on  the 
scale  of  1 :  22,500.  Twelve  bench  marks  were  established  and  23 
water-surface  elevations  were  determined. 

Towaliga  River  flows  in  a  southeasterly  direction  and  empties  into 
Ocmulgee  River.  In  the  distance  surveyed  there  is  a  fall  of  194  leet, 
but  with  the  exception  of  Highfalls  there  are  few  shoals  or  rapids. 
For  21  miles  above  its  mouth  the  stream  does  not  average  more  than 
50  feet  in  width,  and  is  very  shallow.     It  is  swift  and  has  a  clean  bed. 

At  Highfalls  there  is  a  drop  of  95  feet  in  a  distance  of  3,000  feet, 
in  the  middle  of  which  there  is  a  sudden  drop  of  42  feet,  known  as  the 
Highfalls.  Tliis  is  an  excellent  dam  site,  for,  although  during  the 
normal  stage  of  water  the  volume  is  small,  there  are  splendid  facilities 
to  store  the  water  above,  as  the  bottom  is  widened  out  into  a  natural 
basin.  A  flour  mill  has  been  in  operation  here  for  over  one  hundred 
years,  but  it  uses  only  a  trifling  part  of  the  power.  It  is  now  prof>osed 
to  erect  a  25-foot  dam  at  this  point  to  supply  electric  power  for  a 
railway  to  Indian  Springs,  Ga.,  a  summer  resort  8  miles  from  High- 
falls,  and  also  for  lighting  the  town  of  Forsythe,  14  miles  to  the 
southwest.  Property  for  6  miles  above  the  falls  has  been  purchased 
for  a  storage  basin.  Between  Highfalls  and  the  mouth  of  the  river 
there  are  good  bottom  lands,  but  the  country  is  thinly  settled  and 
most  of  it  is  still  in  timber.  The  principal  crops  are  cotton  and 
corn. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta,  marked  '*  1050  M  C,''  the  elevation  of  which  is  accepted 
as  1,049.546  feet  above  mean  sea  level,  as  determined  by  the  190o 
adjustment.  The  initial  point  of  this  Ust  is  a  bench  mark  of  flyinvr 
levels  on  Ocmulgee  River. 
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The   leveling  was   done  in  1903,  under   the   direction   of  F.  A. 
Franck,  field  assistant,  by  Joseph  Palmer,  levelman. 
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Flo.  9.— Profile  of  Towaliga  below  Highfalls,  Oa. 

EUvaiions  on  Towaliga  River  frvm  motUhy  near  Bemer,  to  Ilighfalls. 


25 


Distance 
in  miles. 

0.0 

.0 

1.7 

1.7 

2.2 

2.2 

3.7 

4 

4 

4.6 

6 

6 

7 

7 

Towaliga  River,  mouth  of,  on  south  side  between  railroad  track  and 
river,  nail  in  root  of  water  oak , 


Surface  of  water 

Lamars  Bridge,  near  east  end  of,  nail  in  root  of  beech  tree 

Surface  of  water 

Small  creek  on  west  bank,  mouth  of,  nail  in  root  of  ash  tree 

Surface  of  water ; 

Surface  of  water 

West  bank,  50  feet  from  river,  nail  in  root  of  large  pine  tree 

Surface  of  water 

Surface  of  water 

Hunting  Shoal  Bridge,  stone  pier,  on  north  end  of  bridge,  iron  bolt 

Surface  of  water 

North  bank,  10  feet  from  river,  twin  water  oak,  nail  in  root  of 

Surface  of  water 


Elevation 
iu  feet. 


379. 34 

367 

381.99 

371 

377.38 

373 

376 

412. 45 

379 

382 

412.80 

386 

399.49 

393 
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Elevations  on  Towaliga  River  from  mouth,  near  Bemer,  to  HighjaUs — Continued. 


Distance 
In  miles. 

8.8 

8.8 

9.5 

10.5 

10.5 

11.8 

11.8 

12.3 

12.3 

13.3 

13.3 

14 

14.1 

15 

15.1 

15 

15.5 

15.6 

16 

16 

16.1 

17.4 

17.4 

17.5 

17.5 

18 

18 

18.5 

.0 

18.7 

.0 

19.2 

21.2 

21.2 

• 

21.2 

21.3 

21.3 

21.7 

.0 

Jacksons  Bridge,  west  bank  of  river,  lai^ge  poplar  tree,  nail  in  root  of. 

Surface  of  water 

Surface  of  water 

West  bank  of  river,  creek,  100  yards  above  mouth  of,  10  feet  from 
river,  nail  in  root  of  pine  tree 

Surface  of  water 

Wilsons  Bridge,  10  feet  below  east  approach,  naU  in  root  of  water  oak . 

Surface  of  water 

West  bank,  on  water  oak 

Surface  of  water 

North  and  South  forks  of  North  Fork,  100  yards  above  junction  of, 
nail  in  root  of  birch  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  waters 

Foot  of  shoals,  susface  of  water 

Head  of  shoals,  surface  of  water 

Opposite  shoals,  north  bank,  nail  in  root  of  birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Morans  Bridge,  on  north  bank,  20  feet  east  of,  nail  in  root  of  white  oak 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Opposite  shoals,  nail  in  root  of  willow 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Tobes  Creek,  mouth  of,  nail  in  root  of  pine 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Small  shoals,  surface  of  water 

Head  of  small  shoals,  surface  of  water 

Branch,  south  bank,  20  feet  above  mouth  of,  nail  in  root  of  birch  tree . . 

Long  shoals,  foot  of,  south  bank,  nail  in  white  oak  tree 

Surface  of  water 

Highfalls  Shoals,  foot  of,  surface  of  water 

Highfalls,  head  of  Highfalls  Shoals,  surface  of  water 

Highfalls,  wagon  bridge  over  Towiliga  River,  west  side  north  ap- 
proach to,  top  of  iron  bolt 

Old  dam,  opposite,  head  of  long  shoals,  surface  of  water 

Hi^falls,  high-water  mark 


Elevaiioo 

in  feet. 


409.  M 

395 

377 

416. 15 
400 

42LU) 
406 
431.01 
410 

416.93 

414 

418 

421 

422 

428 

432.23 

429 

434 

443.61 

437 

439 

449.74 

443 

446* 

450 

457.  48 

4^ 

452 

454 

455 

457 

462.60 

474. 31 

466 

492 

524 

563.32 

561 

561 
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CHATTAHOOCHEE  RIVER  FROM  CHESTATEE  TO  SAUTEE,  GA. 

A  survey  of  the  upper  Chattahoochee  River  between  Chestatee 
and  Sautee,  Ga.,  a  distance  of  55  miles,  was  made  during  July  and 
August,  1903.  Between  these  two  points  a  fall  of  387  feet  was 
found,  the  greater  part  of  which  is  above  the  mouth  of  Soque  River. 
During  the  survey  25  bench  marks  were  established  and  90  water- 
surface  elevations  determined.  The  plane-table  sheets  were  plotted 
on  a  scale  of  1 :  22,500.  The  original  elevations  for  the  levels  were 
based  upon  an  assumed  elevation  near  Gainesville,  Ga.,  but,  as 
published  herein,  they  have  been  reduced  to  mean  sea  level. 

Above  the  mouth  of  Chestatee  River  for  10  miles  are  a  number  of 
small  shoals  aggregating  a  fall  of  28  feet.  Ten  miles  above  the  mouth 
of  the  Chestatee,  Little  River  empties  from  the  north,  and  at  this  point 
are  the  first  good  shoals,  where  there  is  a  fall  of  7  feet  in  a  distance 
of  300  yards.  A  quarter  of  a  mile  above  this  point  the  North  Georgia 
Electric  Company  is  constructing  a  dam  36  feet  high,  which  is  to 
supply  electric  power.  The  backwater  from  this  dam  will  extend 
8  miles  upstream,  to  just  above  Clarks  Bridge.  One  half  mile  above 
this  point  is  a  shoal  having  a  9-foot  fall  in  half  a  mile. 

Just  above  this  shoal  are  Reynolds  Shoals,  with  a  fall  of  6  feet  in 
250  yards.  There  is  a  good  power  site  at  this  point,  as  the  banks 
and  bottom  are  hard  rock.  From  here  to  Mud  Creek,  3  miles,  there 
is  a  uniformly  distributed  fall  of  15  feet,  while  just  above  the  mouth 
of  Mud  Creek  there  is  a  good  dam  site.  A  dam  here  would  be  about 
300  feet  long,  but  the  height  could  be  40  to  50  feet  or  more,  if  desired. 

The  next  shoal  of  importance  is  Mountain  Island  Shoal.  It  gives 
a  fall  of  8  feet  in  half  a  mile.  Here  the  river  flows  around  the  island 
between  banks  100  feet  high.  A  dam  at  the  lower  end  would  be 
300  feet  long.  Perkins  Shoals  come  next,  2  miles  upstream,  with 
a  fall  of  6  feet,  and  just  above  them  is  a  shoal  with  a  7-foot  fall. 
These  could  be  used  together. 

From  here  to  the  mouth  of  Soque  River  is  a  uniform  fall  of  11 
feet,  and  just  above  the  mouth  of  the  Soque  there  is  a  fall  of  8  feet 
in  650  feet.  For  the  next  3  miles  there  is  a  continuous  succession  of 
shoals,  with  a  fall  of  74  feet.  The  river  flows  in  a  narrow  gorge 
of  hard,  unseamed  rock,  and  at  several  points  dams  could  easily  be 
constructed.  Above  this  point  the  river  narrows  very  greatly,  and 
is  full  of  small  shoals  as  far  as  Nacoochee  Valley.  From  the  vaUey 
to  the  end  of  the  survey  there  are  no  faUs  or  shoals. 

Nacoochee  VaUey  is  very  fertile  and  grain  and  grasses  are  raised. 
A  large  quantity  of  timber  is  still  standing  along  the  river,  especially 
in  the  upper  half  of  the  valley. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  Nacoochee,  marked  **  1349  Atlanta,''  in  a  ledge  of  rock  200 
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feet  west  of  ford  of  Chattahoochee  River,  the  elevation  of  which  is 
now  accepted  as  1,348.269  feet  above  mean  sea  level. 

The  adjustment  of  this  Une  was  accomplished  in  conjunction  with 
leveling  on  Chestatee  and  Soque  rivers,  tied  at  Willow  and  Clarfcs- 
ville,  respectively,  and  by  an  extra  check  at  Pole  to  primary-level 
circuits,  and  accords  with  the  1903  adjustment  of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Fio.  10.— Profile  of  Chattahoochee  River  from  Nacoochee  to  junction  with  Chestatee  River,  Ga. 
EUvationa  on  Chattahoochee  River  from  Keith's  bridge  y  <U  mouth  of  Chestatee  River  ^  to  Nacoochee, 


Distance 
in  miles. 


0.0 

.0 

,0 

.0 

1.7 

3.7 

3.7 


Elevation 
ill  feet. 


Near  Keith's  bridge,  mouth  of  Chestatee  River,  on  nail  in  root  of 
walnut  tree 


Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

On  nail  in  root  of  walnut  tree,  north  bank  of  river. 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


964.37 

950 

950 

956 

989.71 

960 

963 
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Elevations  on  Chattahoochee  River  from  Keith* a  bridge^  at  mouth  of  Chestatee  River,  to  Nacoo- 

chee — Continued. 


Distance 
in  miles. 


5.7 

5.7 
6.2 
6.8 
6.8 
6.8 
7.3 
8.3 
8.3 
9.4 
9.4 
10 

10 
11 


12.2 

12.2 
13.2 
13.2 
13.9 

16.2 
16.2 
17.2 
17.2 

19.2 
19.2 
19.5 

21.2 
21.2 
22.2 
22.2 
23.9 
23.9 


Small  shoals,  edge  of  public  road  opposite,  nail  in  root  of  laiige  wal- 
nut tree 

Small  shoals,  surface  of  water 

Surface  of  water 

Iron  bridge,  nail  in  root  of  large  walnut  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Thompson  Bridge,  nail  in  root  of  laige  walnut  tree 

Surface  of  water 

Little  Biver,  mouth  of,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


Elevation 
in  feet. 


North  Georgia  Electric  Company's  new  dam,  100  yards  below,  north 
side  of  bluff,  nail  in  root  of  white  oak 

Surface  of  water , 

Chattahoochee  Park,  on  east  side  and  at  sharp  bend  of  river,  nail  in 
birch  tree 

Foot  of  shoals,  surface  of  water 

^Head  of  shoals,  surface  of  water 

New  Bridge,  near  Gainesville,  near  small  store  building,  large  oak 
tree,  sp&e  in  root  of 


985.61 

965 

966 

980.26 

967 

967 

972 

998.36 

977 

978 

984 

1,004.04 
985 


1.004.27 
996 
010 


Surface  of  water 

South  bank  of  river,  6  feet  from  water,  willow  tree,  nail  in  root  of. 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Clarks  Bridge,  east  side  of  river,  large  maple  tree,  nail  in  root  of  . . 

Surface  of  water 

Small  bluff,  north  side  of  river,  poplar  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Bed  oak  tree,  nail  in  root  of 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Savage  Ferry,  nail  in  notch  of  oak  post 

Surface  of  water 

Left  bank  of  river,  nail  in  root  of  birch  tree 

Surface  of  water 

North  bank  of  river,  nail  in  root  of  water-oak  tree 

Surface  of  water 


028.32 

Oil 

014.94 

012 

012 

014 

039. 81 

017 

045.27 

020 

024 

043.29 

025 

028 

332 

051.30 

034 

050.46 

037 

046.76 

038 
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EUvaiions  on  Chattahoochee  River  from  Keith* s  bridge t  at  mouth  of  Chestatee  River,  to  Naeoo- 

chee — CoDtinued. 


Distance 
in  miles. 


23.9 
24.9 


25.6 
25.6 
26.5 

26.5 
28.8 

29.8 

29.8 
31.8 
31.8 
31.9 
32.6 
32.6 


Head  of  shoals,  surface  of  water 

Seven  Island  shoals,  opposite  foot  of,  lai^  poplar  tree,  nail  in  root  of. 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Flat  Creek,  1  mile  above  mouth  of,  nail  in  root  of  poplar  tree 

Surface  of  water 


33.1 
33.1 
33.2 
34.1 
34.1 

34.2 

34.5 
35.2 
35.2 
35.2 
35.2 

37.3 

37.4 

38.2 
38.2 


Lulu  bridge,  60  feet  below,  on  north  bank  of  river,  red  oak  tree,  nail 
in  root  of 

Surface  of  water 

Walnut  tree  in  large  open  bottom,  left  bank  of  river,  nail  in  root  of 

Surface  of  water 

Belton  bridge.  100  yards  below,  right  bank  of  river,  walnut  tree,  nail  ' 
in  root  of. 

Surface  of  water 

Right  bank  of  river,  pine  tree,  nail  in  root  of 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Nail  in  root  of  birch  tree 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  on  side  of  bluff,  large  pine,  opposite,  nail  in  root  of. 

Surface  of  water 

Harrisons  Shoals,  foot  of,  surface  of  water 

Harrisons  Shoals,  opposite,  nail  in  root  of  oak  tree 

Harrisons  Shoals,  surface  of  water 

Harrisons  Shoals,  head  of,  mouth  of  Mossy  Creek,  surface  of  water. 

Mountain  Island  Shoals,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  white  oak 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Perkins  Shoals,  opposite  foot  of,  nail  in  root  of  water  oak 

Perkins  Shoals,  foot  of,  surface  of  water 

Perkins  Shoals,  head  of,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  north  bank  of  river,  opposite,  nail  in  root  of  black- 
gum  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


1    Elevation 
in  feet. 

1,(M0 

1,066.»} 

1,040 

1,(M4 

'     1,045.84 

'     1,045 

1 

1 

1,065.68 

i     1,049 

1     1,076.23 

1,053 

1,076 

1     1,056 

1,092.99 

1,061 

1,069 

1,085.79 

1,070 

1,071 

1,073 

1,092.83 

1,062 

1,084 

1,101.70 

1,067 

1,087 

1,068 

1,006 

1,109-7S 

1,101 

1,106 

1,113.68 

1.107 

'     1,113 

1,115 

1,123 

1,127.76 

1,127 

1,130 
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Elevations  on  Chattahoochee  River  from  Keith*8  bridge,  at  mouth  of  Cheetatee  River,  to  Nacoo- 

chee — Continued. 


Distance 
in  miles. 


38.3 

38.4 

38.6 

38.6 

39.3 

39.3 

39.3 

39.3 

39.6 

39.8 

40 

40 

40.5 

40.8 


41.8 
42.3 

42.3 
42.6 
43.2 
43.5 

43.5 
43.6 

44.2 

44.2 

44.5 

45 

46 

46 

46.8 

46.8 
47.3 

47.5 
48.5 


Duncan  Bridge,  30  feet  below,  nail  in  red-oak  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  water  oak 

Soque  River,  south  bank,  at  mouth,  nail  in  root  of  birch  tree 

Surface  of  water 

Soque  River,  mouth  of,  in  forks  of  river,  nail  in  root  of  pine  stump. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  on  west  bank  of  river,  nail  in  root  of  red  oak 

Long  shoals,  head  of,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  root  of  hickory  tree 

Irwins  Bridge,  10  feet  below,  left  bank  of  river,  nail  in  root  of  poplar 
tree 

Surface  of  water 

Irwins  bridge,  just  above,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Blue  Creek,  surface  of  water 

Blue  Creek,  100  yards  above  mouth  of,  in  fork,  nail  in  root  of  red 
oak  tree 

Amos  Ford,  on  west  bank,  large  birch  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Aliens  Bridge,  west  end  of,  red  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Head  of  shoals,  opposite,  nail  in  root  of  birch  tree 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Shoals,  opposite  head  of,  nail  in  root  of  pine  tree 

Foot  of  shoals,  surface  of  water 


Elevation 
in  feet. 

,148.90 

,131 

,135 

,  155. 41 

, 147. 82 

,137 

,148.86 

,137 

,144 

,149 

,159 

,165.20 

,178 

,178 

,216 

,222.10 

,223.37 

,216 

,222 

,228 

,229 

,242 

,243 

,  256. 09 

,256.09 

,244 

247 

250 

,266.49 

256 

259 

260 

263 

26-1. 18 

,271 

274 

,280.73 

,276 
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Elevatums  on  Chattahoochee  River  from  Keith's  bridge,  at  mouih  of  Ohestaiee  River,  to  Sacoo- 

chee — Continued. 


Distance 
in  miles. 


49 

49 

49 

49.2 

49.2 

50.5 

50.5 

51.8 

53 
55 
55 


EleTalion 
in  fret. 


Head  of  shoals,  surface  of  water 

Shoals,  red  oak  opposite  head  of,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Sharp  bend  of  river,  water  oak  tree,  nail  in  root  of 

Surface  of  water 

Suspension  footbridge,  poplar  tree  at,  nail  in  root  of 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Sautec  Creek,  near  mouth  of,  in  Nacoochee  Valley,  surface  of  water. 
Sautee  Creek,  ford  near  mouth,  surface  of  water 


,  Nacoochee  post-office,  200  feet  west  of,  ford  of  Chattahoochee  River, 
6  feet  above  surface  of  road,  on  ledge  of  rock,  aluminum  tablet 
marked  "1349  Atlanta  " 


1,280 

1,285.53 

1,288 

1,304.53 

1,292 

1,305.97 

1,297 

1,299 

1,306 

1,309 

1.339 

1,348.269 

CHATTAHOOCHEE  RIVER  FROM  CHATTAHOOCHEE  TO 

FRANKLIN,  GA. 

A  survey  of  the  middle  Chattahoochee  River  was  made  between 
Chattahoochee  and  Franklin,  Ga.,  a  distance  of  65  miles.  The  eleva- 
tions for  this  survey  were  based  upon  the  United  States  Geological 
Survey  bench  mark  at  Chattahoochee,  Ga.,  and  the  plane-table 
sheets  were  plotted  on  a  scale  of  1 :  22,500. 

In  the  lower  section  of  the  river  for  21  miles  the  Chattahoochee 
is  without  shoals  or  rapids  until  Redmens  Shoals  are  reached,  where 
there  is  a  fall  of  2  feet.  The  next  shoals,  Maderia  Shoals,  1 1  miles 
farther  downstream,  have  a  fall  of  6  feet  in  half  a  mile.  Here,  on 
the  west  side,  is  a  large  bluff  of  hard  rock,  and  on  the  east  side  are 
flat  bottom  lands.  The  water  is  very  shallow,  and  the  stream  has  a 
rocky  bottom.  A  dam  here  would  be  about  600  feet  long,  and  to 
be  made  of  sufficient  height  to  develop  any  amount  of  head  would 
flood  valuable  bottom  lands  above. 

Below  Maderia  Shoals  the  river  runs  over  small  riffles  of  1  to  2 
feet  until  the  Central  of  Georgia  Railroad  bridge  is  reached,  and  for 
5  miles  below  this  point  there  is  practically  no  fall  until  Mcintosh 
Shoals  are  reached,  where  there  is  a  fall  of  8  feet  in  a  quarter  of  a 
mile.  The  river  here  runs  through  broken  country,  ^4th  high  banks 
on  both  sides,  showing  good  exposures  of  hard  rock.  A  dam  here 
would  be  600  feet  long,  but  several  rocky  islands  would  probably 
reduce  the  cost  of  construction.  The  dam  could  be  25  feet  high  or 
more  if  necessary. 
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Seven  miles  farther  down  the  river  are  Fishtrap  Shoals,  with  a  6-foot 
fall  in  a  quarter  of  a  mile.  A  dam  here  would  be  700  feet  long,  as 
the  west  bank  is  low.  Two  miles  downstream  is  the  beginning  of 
Bushhead  Shoals,  the  best  dam  site  on  this  section  of  the  river.  Here 
there  is  a  fall  of  7  feet,  but  added  to  the  5  feet  just  above  and  the  6 
feet  of  Fishtrap  Shoal,  a  total  fall  of  19  feet  could  be  obtained  in  a 
distance  of  5  miles.  A  dam  built  here  would  be  650  feet  long  and 
could  be  of  any  desired  height.  Good  rock  is  exposed  on  each  bank. 
Two  flourishing  towns,  Newnan  and  Carroll  ton,  which  are  about  15 
miles  from  here,  in  opposite  directions,  would  utilize  this  power. 
One  mile  below  is  a  small  4-foot  shoal,  where  the  banks  of  the  river 
are  very  flat. 

At  the  mouth  of  Centralhatchee  Creek,  2  miles  below,  is  the  last 
shoal,  which  has  a  2-foot  fall.  It  does  not  offer  a  good  opportunity 
for  development,  owing  to  the  low  and  extensive  bottom  lands  on 


1,000 


65Mile<60 


Pio.  II.— Profile  of  Chattahoochee  River  from  Chattahoochee  to  Franklin,  Oa. 


the  north  side  of  the  river.  This  section  of  the  river  has  a  width  of 
about  300  feet,  but  in  some  places  widens  to  over  1,000  feet. 

Valuable  and  extensive  bottom  lands  are  under  high  cultivation, 
principally  cotton  and  com  being  raised,  but  the  transportation 
faciUties  are  very  poor.  The  overflow  from  the  river  several  times 
a  year  spreads  a  slimy  sediment  over  the  bottom  which  seems  to  act 
as  a  rich  fertilizer. 

For  4  miles  below  Chattahoochee  there  are  valuable  clay  beds  on 
the  south  side  of  the  river,  which  have  been  excavated  to  a  depth 
of  10  feet  for  brick  manufacture. 

The  elevations  in  the  following  list  are  based  on  an  aluminum 
tablet  at  the  Washington  street  entrance  to  the  State  capitol  build- 
ing at  Atlanta,  marked  '*  1050  M  C,"  the  elevation  of  which  is  now 
accepted  as  1,049.546  feet  above  mean  sea  level.  The  line  is  adjusted 
to  accord  at  each  end,  Oakdale  and  Franklin,  with  corrected  primary 
elevations  in  accord  with  the  1903  adjustment. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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EHevations  on  Chattahoochee  River  from  Chattahoochee  to  Franklin, 


3.4 
4.1 
4.1 
5.4 
5.4 
6.4 
6.4 
7.4 
7.4 
8.4 
8.4 
10.3 

10.3 

11.3 

11.3 

12.8 

12.8 

14.8 

14.8 

16.6 

16.6 

17 

17 

17.9 

17.9 
20.6 

20.6 
21.2 
21.2 
21.3 
21.7 


Distanoe 
in  miles. 

■ 

EleratioQ 
Inieeu 

0.0 

Oakdale,  in  front  of  station,  main  track,  top  of  south  rail 

809.20 

.0 

Surface  of  water 

740 

.5 

Left  bank  of  river,  on  root  of  willow  tree 

741.  S2 

.5 

Surface  of  water 

739 

1.6 

Mason  and  Turner  Ferry,  near  east  approach  to,  on  root  to  hickory- 
tree 

754. 3S 

1.6 

Surface  of  water 

738 

3.4 

Old  ferry,  10  feet  from  left  bank,  on  root  of  sycamore  tree 

751.35 

•^  '                                                                               '                                          •/ 

Surface  of  water. 

Left  bank,  20  feet  above  bridge,  on  root  of  water  oak 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Left  bank,  30  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Left  bank,  20  feet  from  river,  on  root  of  sweet  gum  tree 

Surface  of  water 

Adaholts  Ferry,  mouth  of  Sweetwater  Creek,  opposite,  on  root  of 
large  sycamore  tree 

Surface  of  water 

Left  bank,  30  feet  from  river,  on  root  of  large  walnut  tree 

Surface  of  water 

Dupree  Ferry,  left  bank,  15  feet  from  river,  on  root  of  elm  tree '. 

Surface  of  water 

Left  bank,  70  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Camp  Greek,  mouth  of,  on  root  of  ash  tree 

Surface  of  water 

Left  bank,  20  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 


Campbell  ton  Ferry,  10  feet  from  river,  left  bank,  on  root  of  syca- 
more tree 

Surface  of  water 

Brock's  ferry,  10  feet  from  river,  left  bank,  on  root  of  white  oak 
tree 

Surface  of  water , 

Redmens  Shoals,  left  bank,  10  feet  from  river  on  root  of  sycamore  tree . 

Surface  of  water 

Redmens  Shoals,  foot  of,  surface  of  water 

Pea  Creek,  mouth  of,  surface  of  water 


736 

752.94 

735 

755.10 

732 

746.41 

730 

752.90 

729 

742.16 

727 

744.73 

726 

747.  r.s 

725 

738.09 

723 

746.29 

721 

736.13 

720 

741.78 

719 

728.69 
719 

730.49 

716 

728.58 

716 

714 

714 
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ElevaiwM  on  Chattahoochee  River  from  Chattahoochee  to  Franklin — Continued. 


Distanoe 
in  miles. 


22 


22 

23.4 

23.4 

24.5 

24.5 

25.6 

25.6 

28.1 

28.1 

29.6 

29.6 

30 

30.9 

31.1 

31.4 

31.8 

31.8 

32.1 

33.4 

33.4  , 

35.1 

35.1  1 

36      1 

36 
37.5 

37.5 
38.6 
38.6 
39.2 
39.3 
40.1 

40.1 
40.1 
40.7 
40.7 


Rivertown  Ferry,  left  bank,  10  feet  from  river,  on  root  of  syca- 
more tree 

Surface  of  water 

Pumpkintown  Ferry,  left  bank,  15  feet  from  river,  on  large  birch 
tree 

Surface  of  water 

Bear  Creek,  mouth  of,  on  root  of  poplar  tree 

Surface  of  water 

Left  bank,  40  feet  from  river,  on  root  of  walnut  tree 

Surface  of  water 

Defer 's  ferry,  left  bank,  15  feet  from  river,  on  large  birch  tree 

Surface  of  water 

Jones  Ferry,  left  bank,  15  feet  from  river,  on  root  of  pine  tree 

Surface  of  water 

Ballard  Shoals,  10  feet  from  river,  left  bank,  on  root  of  willow  tree. 

Ballard  Shoals,  head  of,  surface  of  water 

Ballard  Shoals,  foot  of,  surface  of  water 

Madeira  Shoals,  head  of,  surface  of  water 

Madeira  Shoals,  opposite,  on  right  bank,  on  root  of  white  oak,  side 
of  rock  bluff 

Madeira  Shoals,  surface  of  water 

Wolf  Creek,  mouth  of,  foot  of  Madeira  Shoals,  surface  of  water 

Hutchinson's  ferry,  right  bank,  20  feet  from  river,  on  root  of  maple 
tree 

Surface  of  water 

Long  Island,  upper  end  of,  head  of  shoals,  surface  of  water 

Right  bank,  head  of  shoals,  in  root  of  pine  tree 

Long  Island,  opposite  lower  end  of,  foot  of  shoals,  nail  in  root  of 
water  oak  tree : 

Surface  of  water ' 

Snake  Creek,  right  bank,  10  feet  from  river,  100  yards  above  mouth, 
on  root  of  wfllow  tree 

Surface  of  water 

Moores  Ferry,  right  bank,  on  root  of  large  birch  tree 

Surface  of  water 

Shoals,  head  of,  surface  of  wat«r 

Shoals,  foot  of,  surface  of  water 

Central,  of  Georgia,  Railroad  bridge  over  river,  right  bank,  40  feet 
above  bridge,  on  root  of  willow  tree 

Surface  of  water 

Shoak,  foot  of,  surface  of  water 

Opposite  right  bank,  nail  on  root  of  poplar  tree 

Surface  of  water 


Elevation 
in  feet. 


720.64 
714 

727.94 

712 

730.35 

712 

725.50 

710 

722.92 

709 

718.60 

706 

711.13 

705 

704 

704 

716. 81 

702 

698 

709.12 
694 
692 
709.11 

703.37 
689 

696.72 

688 

702.85 

686 

685 

684 

692.12 

684 

683 

699.76 

682 
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Elevations  on  Chattahoochee  River  from  Chattahoochee  to  Franklin — Continued. 


Distance 
in  miles. 


41.4 

41.4 

41.7 

41.8 

42.6 

42.7 

43 

43.6 

43.9 

43.9 

44.9 

45.4 

45.4 

46.1 

46.1 

49 

49 

50 

50 

50.7 

50.7 

50.9 

53.1 

53.1 

55 

55.3 

55.3 

56.3 

56.9 

56.9 
57.5 

58.5 

59 

59 

60 

60.2 

60.8 

61 

62 


Reese's  ferry,  right  bank,  on  root  of  ash  tree [ 

Surface  of  water 

Head  of  Shoals,  surface  of  water 

Foot  of  Shoals,  surface  of  water 

Fridell  Shoals,  head  of,  surface  of  water 

Fridell  Shoals,  foot  of,  surface  of  water 

Foot  of  bluff,  right  bank  of  river,  nail  in  root  of  sweet  gum  tree 

Hanson  Shoals,  head  of,  surface  of  water 

Houston  Ferry,  nail  in  root  of  catalpa  tree 

Surface  of  water 

Mcintosh  Reserve  Shoals,  head  of,  surface  of  water 

Mcintosh  Reserve  Shoals,  foot  of,  right  side  of  bank,  nail  in  root  of 
sweet  gum  tree ' 

Mcintosh  Reserve  Shoals,  foot  of,  surface  of  water 

Culpepper,  mouth  of,  on  root  of  red  oak  tree , 

Surface  of  water 

Whooping  Creek,  mouth  of,  nail  in  root  of  birch  tree 

Surface  of  water 

Brown's  ferry,  right  bank,  nail  in  root  of  walnut  tree 

Surface  of  water 

Yellow  Dirt  Creek,  right  bank,  nail  in  root  of  sweet  gum  tree 

Surface  of  water 

Yellow  Dirt  Creek,  mouth  of,  surface  of  water 

Hollingsworth  Ferry,  right  bank,  nail  in  root  of  water  oak  tree 

Surface  of  water 

Pink  Creek,  mouth  of,  surface  of  water 

Right  bank,  on  nail  in  root  of  sweet  gum  tree 

Surface  of  water 

Fishtrap  Shoals,  head  of,  surface  of  water 

Fishtrap  Shoals,  right  bank,  opposite  center  of  shoals,  elm  tree,  nail  | 
in  root  of 

Fishtrap  Shoals,  surface  of  water 

Fishtrap  Shoals,  foot  of,  surface  of  water , 

Bushhead  Shoals,  opposite  upper  island,  nail  in  root  of  birch 

Bu.shhead  Shoals,  head  of,  surface  of  water 

Bushhead  Shoals,  foot  of,  on  side  of  bluff,  nail  in  root  of  white  oak. . 

Bushhead  Shoals,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water ' 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 


EI«»vdlK'n 
in  fwt. 


693.  ijB 

682 

682 

681 

680 

679 

6^  .3f'. 

67?* 

6&4.IG 

677 

676 

679.49 

668 

67S,  (M 

667 

670. 7(» 

G&i 

661 .  9i> 

662 

679..^) 

662 

660 

673.31 

658 

658 

664.117 

658 

657 

670-  26 

652 

648 

653.32 

615 

648-15 

638 

638 

634 

634 

632 

632 
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ElevatioM  an  Chattahoochee  River  from  Chattahoochee  to  Franklin — Continued. 


Distance 
in  xuUeB 


62.2 

63.8 

63.8 

64 

64.5 

64.7 


65 


Foot  of  shoals,  surface  of  water 

Centralhatchee  Creek,  opposite  mouth  of,  nail  in  root  of  birch 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Franklin,  wagon  bridge,  surface  of  water 

Franklin,  on  rivet  on  top  left  iron  pier  of  east  approach  of  wagon 
bridge 

Franklin,  in  south  side  of  court-house,   bronze  tablet  marked 
"695  A" 


Elevation 
in  feet. 


628 

633.49 

628 

627 

626 

655.17 

694.742 


CHATTAHOOCHEE  RIVER  FROM  WEST  POINT  TO  COLUMBUS,  GA. 

Chattahoochee  River  was  surveyed  from  West  Point  to  Columbus, 
Ga.,  a  distance  of  37  miles,  in  which  there  is  a  fall  of  361  feet.  Dur- 
ing the  work  5  bench  marks  were  established  and  35  water-surface 
elevations  obtained.  The  survey  was  plotted  on  the  scale  of  1 :  22,500, 
and  was  accompanied  by  a  flying-level  line  based  on  a  United  States 
Geological  Survey  tablet  at  West  Point,  Ga. 

For  4  miles  below  West  Point  the  river  is  sluggish.  At  Langdale, 
Ala.,  there  is  a  wing  dam  with  9  feet  head,  operating  a  knitting  mill. 
The  dam  is  loosely  built  of  Ught  lumber,  connecting  a  number  of 
small  islands,  and  a  large  amount  of  water  goes  to  waste. 

Probably  the  best  site  for  a  permanent  structure  at  Langdale  is 
about  one-half  mile  below  the  present  mill,  where  a  head  of  18  feet 
would  back  water  to  just  below  West  Point.  A  dam  as  proposed 
above  would  not,  except  in  time  of  flood,  spread  the  backwater 
beyond  the  present  banks  of  the  river. 

Between  Langdale  and  Riverview,  where  there  is  another  knitting 
mill,  there  is  a  continuous  network  of  small  islands.  At  Riverview 
there  is  a  9-foot  wing  dam  similar  to  that  at  Langdale,  but  it  fur- 
nishes even  less  water,  as  the  eastern  channel  is  broader. 

From  Riverview  to  Columbus  the  river  is  one  continuous  shoal, 
and  the  choice  of  sites  for  dam  construction  rests  on  minor  details 
rather  than  amount  of  power. 

Some  of  the  best  sites  are  just  below  Houstons  Ferry,  31  miles 
from  Riverview,  where  a  24-foot  dam  would  have  good  ledge-rock 
foundations  for  the  480  feet  of  river  bed,  while  the  ordinary  red  clay  of 
the  region  appears  on  the  banks. 

Three  miles  farther  downstream,  about  1  mile  below  Blantons 
Ferry,  is  another  site,  but  a  dam  here  would  flood  a  good  deal  of 


72  RIVER   SURVEYS   AND   PROFILES   OF   1903.  [J«o.m 

■ 

bottom  land.  For  4  miles  below  here  is  one  of  the  swiftest  and 
roughest  parts  of  the  river.  There  is  a  good  site  at  the  end  of  the 
stretch,  just  below  the  Big  Bull  Slough,  and  another  one- third  of  a 
mile  above  Bartlett's  old  ferry.  The  former  could  probably  be 
developed  into  a  valuable  plant,  supplying  power  to  West  Point. 
Lanett,  Hamilton,  Opelika,  and  a  score  of  smaller  towns,  all  les> 
than  25  miles  from  this  point.  A  dam  probably  could  be  built  here 
with  a  head  of  70  feet.  The  river  bottom  is  ledge  rock,  with  some 
bowlders,  and  the  shores  are  of  the  same  rock  covered  with  more 
or  less  soil.  A  dam  70  feet  high  would  back  the  water  nearly  to 
Mountain  Oak  Creek.  Many  of  the  islands  in  the  river  would  be 
flooded.  Some  of  them  are  large  and  cultivated  to  some  extent. 
There  would  also  be  some  flooding  of  bottom  lands  on  both  sides  of 
the  river,  but  no  lands  of  pronounced  value  would  be  destroyed. 

About  5J  miles  farther  downstream,  at  what  is  known  locally  as 
Goats  Rock,  a  dam  very  similar  to  the  above  could  be  constructed. 
The  shore  lines  are  very  precipitous  and  ledge  rock  outcrops  on  both 
banks.  A  head  of  70  feet  would  utilize  all  the  available  power 
between  this  point  and  the  proposed  dam  5f  miles  above. 

Seven  and  one-half  miles  below  is  the  beginning  of  what  is  known 
as  the  old  Clapp  factory  falls.  This  is  one  of  the  best  rapids  on 
the  river.  Unfortunately,  the  river  is  exceptionally  wide  and  the 
construction  of  a  dam  would  be  expensive.  The  old  mill  derived 
its  power  by  means  of  a  wing  dam  which  has  not  been  used  upward 
of  fifteen  years.  A  dam  here,  backing  the  water  up  to  Goat  Rock, 
and  a  canal  carrying  it  to  the  foot  of  the  falls,  will  give  a  total  head 
of  about  77  feet.  The  river  bottom  is  ledge  rock,  and  the  shores  are 
the  same  covered  with  several  feet  of  soil. 

One  and  one-fourth  miles  below  the  old  Clapp  factory  is  the  dam 
of  the  Columbus  Power  Company.  This  dam  has  a  head  of  32  feet, 
developed  by  a  stone  concrete  dam,  below  which  the  tailrace  ha> 
been  deepened  and  separated  from  the  river  by  a  stone  wall.  Part 
of  the  power  is  utilized  by  the  large  cotton  mill  of  the  company, 
situated  on  the  east  bank  of  the  river.  The  balance  is  distributed 
about  the  city  of  Columbus. 

One  and  one-fourth  miles  farther  down  the  stream  is  what  is  called 
the  city  mill  dam,  with  9i  feet  head.  It  is  a  wooden  structure  and 
needs  constant  attention,  furnishing  power  to  the  city  of  Columbus 
and  to  a  gristmill.  Three-fourths  of  a  mUe  below  is  a  stone  dam 
kept  in  good  repair  and  owned  by  the  Eagle  and  Phoenix  Company, 
one  of  the  largest  cotton  manufacturing  companies  in  the  South. 
Just  below  this  dam  is.  the  head  of  navigation  for  steamboats. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
in  west  abutment  of  Altanta  and  West  Point  Railroad  bridge  over 
Chattahoochee  River  at   West   Point.     The   elevation   of  this,  a> 
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determined  by  a  net  of  primary  levels,  extended  from  Rome,  Ga.,  a 
point  on  the  precise-level  net,  is  573.193  feet  above  mean  sea  level, 
in  accord  with  the  1903  corrected  elevation  of  that  place. 

The  leveling  was  done  under  the  direction  of  I.  T.  Fitch,  field 
assistant,  by  W.  H.  Sallee,  levelman. 


1,500 


1,000^ 


n  Miles    5  ^f^  ''  '*''  '^"^  "^  :<n  40  45  50 

Pio.  12.— Profile  of  Chattahoochee  River  from  West  Point  to  Columbus,  Ga. 

Elevations  on  ChaUahoothee  River  from  West  Point  to  Columbus ^  Qa.  (single  spur  Imi) 


Distance 
in  miles. 


0.0 

.0 
.0 

.0 


3.1 
6 

6 

6 

8.6 

8.6 

8.6 


West  Point,  in  west  abutment  of  Atlanta  and  West  Point  Railroad 
bridge  over  Chattahoochee  River,  bronze  tablet  marked  ''573  A" . 

Highway  bridge,  surface  of  water 

Tidewater  elevation  corresponding  to  zero  of  local  hydrographic  sta- 
tion  

West  Point,  opposite,  in  Alabama,  United  States  engineers'  bench 
mark,  1,000  teet  north  of  highway  bridge,  100  feet  east  of  road  inter- 
section, west  bank  of  river,  75  feet  from  water,  iron  monument  sunk 
in  ground 

Long  Cane  Creek,  surface  of  water 

Langdale,  Ala.,  90  feet  south  of  Moores  Creek,  in  factory  lawn  between 
factory  an(f  track,  top  of  hydrant 

Langdale,  mill  pond  at,  surface  of  water 

Langdale,  below  dam,  surface  of  water 

Riverview,  mill  pond,  surface  of  water 

Riverview,  below  mill  pond,  surface  of  water 

Riverview,  opposite,  in  Alabama,  northwest  comer  of  cotton  mill,  35 
feet  southwest  of,  50  feet  south  of  dam,  top  of  double-orifice  hydrant 


Elevation 
in  feet. 


573. 193 
551 

549 


564.28 
549 

548.54 

542.1 

533 

532 

522 

534.94 
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Elevations  on  Chattahoochee  River  from  West  Point  to  Columbus,  Go,  {single  spur 

line  ) — Continued. 


Distanoe 
in  miles. 


I 


ElevatK-L 
in  fn^t. 


12 
14.4 

16.6 
20.3 

23.7 
34.7 
34.7 
35.9 

36.1 
36.1 
37 
37 


Houstons  Ferry,  surface  of  water 497 

Blantons  Ferry,  west  side  of  river,  200  feet  from  edge  of  water,  25  feet 
east  of  poplar  tree,  wagoa  road,  top  of  knob,  south  side  of  blazed 
tree 


Dixons  Ferry,  surface  of  water , 

Bartletts  old  ferry,  50  feet  northwest  of  west  bank  of  river,  top  of 
ledge,  rock  18  reet  from  water , 


I 


Mulberry  Creek,  Georgia,  surface  of  water 

Columbus  Power  Company,  mill  pond,  surface  of  water 

Columbus  Power  Company,  below  pond,  surface  of  water 

Columbus,  mill  pond  of  city  milldam,  surface  of  water 

Columbus,  below  mill  pond  of  city  milldam,  surface  of  water 

Columbus,  above  Eagle  and  Phoenix  Company  dam,  surface  of  water . . . 

Columbus,  below  Eagle  and  Phoenix  Company  dam,  surface  of  water . . . 

Columbus,  beneath  highway  covered  bridge,  surface  of  water 

Girard,  Ala.,  Broad  and  Sixth  streets,  southeast  comer  of  intersection, 
bucket  and  windlass  well,  45  feet  east  of,  top  of  stone  guard  post  at 
Wm.  C.  Biirs  saloon !    255.14 


50S.74 
483 

404. 7S 
363 
260 
240 

;^6 

216 
216 
200 
190 


SOQUE  RIVER  BELOW  CLARKSVILLE,  GA. 

Soque  River  was  surveyed  from  its  mouth,  near  View,  Ga.,  to 
Clarksville,  Ga.,  a  distance  of  8  miles.  The  levels  were  based  on 
a  line  carried  up  Chattahoochee  River  from  Gainesville,  Ga.,  and  the 
field  sheets  were  platted  on  the  scale  of  1 :  22,500. 

The  first  power  is  5i  miles  above  its  mouth  and  1  mile  below  from 
Bert.  Here  there  is  an  undeveloped  fall  of  6  feet  in  about  50  yards. 
The  south  bank  is  hard  rock;  the  north  bank  is  not  very  high,  but 
seems  to  be  solid  rock.  The  best  site  for  a  dam  is  probably  at  the 
lower  end  of  the  falls.  A  dam  here  would  be  about  380  feet  lon^ 
and  not  over  7  feet  high,  or  the  water  would  back  up  over  the  lower 
end  of  more  valuable  shoals  above. 

At  Bert,  Ga.,  are  the  Porter  Shoals,  which  have  a  drop  of  48  feet — 
far  the  best  waterfall  on  the  river.  A  small  wing  dam  develops 
power  to  operate  Porter's  woolen  and  cotton  factory,  4  miles  from 
Demorest,  Ga.,  the  nearest  railroad  point. 

About  500  feet  upstream  is  Porter's  upper  shoal,  at  which  there 
is  a  15-foot  fall  partly  developed  by  a  small  dam,  and  which  sup- 
plies power  for  factory  No.  2  of  the  same  company.  A  much  greater 
head  would  be  obtained  here  by  increasing  the  size  of  the  dam. 

One  and  one-half  miles  above  Bert  is  a  splendid  water-power  site, 
known  as  the  Old  Factory  Shoals,  where  there  is  a  fall  of  23  feet  in 
a  distance  of  600  feet.     There  was  a  dam  here  at  one  time,  but  all 
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signs  of  it  have  vanished.  The  river  is  about  350  feet  wide  and 
flows  in  several  channels  between  small  islands.  Good  sandstone 
outcrops  on  both  banks. 

Just  above  this  point  the  river  bottoms  widen  and  the  farming 
lands  are  better  between  here  and  Clarksville,  the  end  of  the  survey, 
than  any  point  on  the  river. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  north  side  of  east  entrance  to  the  court-house  at  Clarks- 
ville, marked  *'  1372  Atlanta/'  the  elevation  of  which  is  accepted  as 
1,371.991  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 
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Fio.  13.— Profile  of  Soque  River  below  ClarksvlUe,  Oa 
Elevations  on  Soque  River  from  near  View  to  Clarksville^  Ga. 


Distance 
in  miles. 


0. 0     Soque  River,  south  bank  of  mouth  of,  at  junction  of  Soque  and  Chat- 
j       tahoochee  rivers,  birch  tree,  nail  in  root  of 


.  0  I  Surface  of  water 

1. 6  i  McAllisters  Bridge,  near  north  end  of,  nail  in  root  of  white  oak 


Elevation 
in  feet. 


1,147.82 

1,137 

1,156.30 
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Elevations  an  Sogue  River  from  near  View  to  ClarkesvUU,  Ga, — Continued. 


Distiuioe 
In  miles. 


1.6 


4.1 

4.7 

5.6 
5.7 
6.1 
6.1 
5.9 

6.1 
6.2 

6.3 
7.3 
7.3 
7.3 

8.8 

8.8 


Elrvmtion 
in  feet. 


Surface  of  water 1 

Foot  of  shoals,  surface  of  water <  1 

Head  of  shoals,  surface  of  water 1 

I 

Newbridge,  hickory  tree  on  north  bank,  nail  in  root 1 

Surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Head  of  shoals,  surface  of  water ,  1 

Porter's  mills,  foot  of  Porter  Shoals,  surface  of  water 1 

Bert,  head  of  Porter  Shoals,  surface  of  water 1 

Bert,  Porter  Shoals,  opposite  head  of  shoals,  water  oak,  nail  in  root  | 

of 1 

Bert,  near  north  end  of  wagon  bridge,  red  oak  tree,  nail  in  root  of 1 

Bert,  foot  of  upper  shoals,  surface  ol  water 1 

Head  of  upper  shoals,  surface  of  water ,  1 

Bert,Ga.,200yard8abovefactory,  near  river,  on  root  of  water  oak  .  1 

Foot  of  shoals,  surface  of  water 1 

Left  bank  of  river,  nail  on  root  of  sycamore  tree 1 

Surface  of  water,  head  of  shoals '  I 

Clarksville,  Habersham  County  court-house,  on  north  side  of  east 

entrance,  aluminum  tablet  marked  ' '  1372  Atlanta  " '  1 

Surface  of  water 1 


142 

142 

149 

171. 71 

152 

153 

156 

156 

162 

166 

181 

189 

237 

189.07 

246.13 

238 

253 

262. 75 

261 

287.37 

281 

371.991 
289 


CHESTATBE  RIVER  BELOV^  WILLOW,  QA. 

Chestatee  River  was  surveyed  from  Willow,  Ga.,  to  its  mouth,  near 
Chestatee,  a  distance  of  47.7  miles. 

A  line  of  secondary  levels  was  run,  based  on  a  primary  bench 
mark  of  the  United  States  Geological  Survey,  2  miles  north  of  Willow. 
The  field  sheets  were  platted  on  the  scale  of  1:22,500.  During  the 
course  of  the  survey  40  bench  marks  were  established  and  98  water- 
surface  elevations  obtained. 

For  the  first  8  miles  the  river  traverses  a  very  wild  and  broken 
country,  and  is  only  about  50  feet  wide.  There  is  not  enough  water 
to  produce  any  considerable  amount  of  power,  although  there  is  a  fall 
of  124  feet. 

At  Gannett  Bridge  there  is  an  old  3-foot  dam  which  was  used  U) 
furnish  power  for  a  gold-stamping  mill;  the  machinery  of  which  is  now 
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ruined  from  disuse.  This  is  about  the  north  boundary  of  the  Dah- 
lonega  gold  field  now  under  vigorous  development. 

One  mile  downstream  is  an  unnamed  shoal,  with  a  fall  of  30  feet  in 
0.6  of  a  mile.  The  river  runs  between  very  steep  banks  of  hard, 
unseamed  rocks,  and  a  200-foot  dam  could  be  constructed  here,  abun- 
dant material  being  easily  accessible. 

Just  below  Grinnells  Ford  is  a  splendid  site,  where  the  river  sud- 
denly drops  47  feet  in  about  150  yards  and  passes  through  a  narrow 
gorge.  The  river  bed  is  of  broken  rock,  and  a  dam  at  this  point 
would  be  about  200  feet  long. 

About  2  miles  farther  down  is  a  drop  of  11  feet  in  100  yards.  The 
river  runs  through  a  narrow  gorge,  but  just  above  the  valley  widens 
enough  to  make  a  good  storage  basin.  A  dam  would  be  about  225  feet 
long  and  could  be  built  to  almost  any  desired  height.  A  pyrites 
mine  here  employs  50  men.  Four  miles  below  the  Crown  Gold 
Mining  Company  is  erecting  a  40-foot  dam,  known  as  the  Gorge  dam, 
to  run  hydraulic  pumps  for  two  placer  mines..  This  dam  will  back 
up  the  water  for  2  J  miles  and  will  cover  a  number  of  small  shoals. 

The  river  below  here  runs  swiftly,  but  without  important  shoals  for 
about  3i  miles.  It  then  enters  the  back  water  from  Chestatee  dam, 
which  is  4  feet  high,  and  supplies  power  for  a  gristmill,  cotton  gin,  and 
hydrauUc  pump. 

Three  miles  farther  down  is  a  gold-stamping  mill,  the  power  for 
which  is  supplied  by  an  11-foot  dam,  which  backs  the  water  up  as  far 
as  Iron  Bridge  just  below  the  Chestatee  dam.  Six  miles  farther  down 
is  a  26-foot  dam,  built  by  the  North  Georgia  Electric  Company,  at  New- 
bridge, Ga.,  which  supplies  power  for  the  traction  system  and  lighting 
of  the  city  of  Gainesville,  Ga.,  15  miles  away.  A  smaller  dam,  4  feet 
high,  just  below  the  main  structure,  furnishes  power  for  a  gristmill  and 
cotton  gin. 

Below  Newbridge,  Ga.,  the  river  enters  a  more  level  country  and 
runs  with  little  fall  to  Bolden^s  bridge,  9  miles  below,  passing  a  3-foot 
dam,  which  is  used  to  operate  a  small  flouring  mill,  and  a  6-foot  dam, 
wnich  supplies  power  for  a  large  gristmill. 

In  the  remaining  8  miles  there  are  no  shoals  or  opportunities  for 
power  development.  The  sand  in  the  bed  of  the  river  contains  a 
large  amount  of  gold,  and  placer  mining  on  a  considerable  scale  is  one 
of  the  occupations  of  the  people  throughout  this  whole  region. 

Nearly  all  of  the  important  shoals  which  are  undeveloped  are  con- 
trolled by  the  mining  interests  in  the  neighborhood.  The  upper  part 
of  the  survey  was  through  fairly  heavy  timber,  but  the  lower  end  of 
the  work  was  through  land  all  under  high  cultivation.  The  river 
passes  3  miles  from  Dalilonega,  the  county  seat  of  Lumpkin  County. 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet 
2.5  miles  north  of  Willow,  in  rock  on  west  side  of  river  at  fork  of 
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road,  marked  *'  1529  Atlanta,"  the  elevation  of  which  is  accepted  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment ot  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  Chestatee  River  bdow  WiUoWt  Oa. 


Distance 
in  miles. 


2.5 

.0 
.0 
.25 

1 

1 

1.6 

2.5 

2.7 

3 

3 

3.7 

3.8 

4 

4 

4.2 

4.7 

4.7 

4.9 

5.2 

5.2 

5.4 

5.4 

6 

6.4 

6.4 

6.9 

7.3 

8 

8.2 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  **  1529  Atlanta  " 

Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. . 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  large  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water -. 

Foot  of  shoals,  surface  of  water 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water 

Crooked  Shoal,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Elevation 
in  fleet. 


528.619 


1 
1 
1 
1 


Small  creek,  mouth  of,  opposite  center  of  shoals,  spnice  pine,  nail 
in  root  of , 

Old  dam,  top  of,  surface  of  water 

Old  dam,  bottom  of,  surface  of  water , 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . , 


461.37 

4M 

449 

447.51 

446 

444 

443 

438 

428 

422 

437.91 

416 

415.5 

406 

425.41 

405 

399 

4(M.o3 

394 

390 

386 

384 

378 

388.79 

377 

353 

364.25 

346 

328 

335.59 
321 
317 
318. 3.5 


HALL  AWDH 
HOYT.     J 


CHEST ATEE   RIVEB. 
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Elevations  an  CKutaUe  River  behw  WiOow,  Oa. — Continued. 


Dlfttance 
in  mUes. 


8.2 
8.5 
8.8 


9.4 
9.9 
10 
10.3 
10.7 
10.7 

11.1 
11.2 

11.2 
11.4 
11.6 
11.6 
11.7 
11.9 
12.6 

12.8 
13.5 

14 
14 
14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 


Surfmoe  of  water 

Old  gold-stamping  mill,  foot  of  bridge  at,  surface  of  water. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Foot  of  shoals,  opposite,  left  bank  river,  nail  in  root  of  sweet  gum 
tree 

Head  of  shoals,  surface  ©rWater 

Grinnells  Ford,  foot  of  shoals,  surface  of  water 

Grinnells  Ford,  in  root  of  laige  birch  tree,  near  ford,  nail  in  root  of . . 

Head  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
Uuff ,  in  white  oak  tree,  nail 

Grinnell's  lower  ford,  surface  of  water 


GrinDeJl's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
large  rock,  chisel  mark 


(kinneU's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  of  shoak,  surface  of  water 

Foot  of  flhoaky  surface  of  water 

Bight  bank  of  river,  nail  in  root  of  hickory  tree 

Head  ol  shoaky  aurfaoe  of  water 

Foot  of  flhoak,  mutmM  of  water 

Head  oi  ahoaJa,  aoifaoe  of  water 

Foot  of  ahoak,  aurface  of  water , 

B^t  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water 

Gorge  dam,  above,  head  of  shoals,  surface  of  water 

Gorge  dam,  40  foot  below,  right  bank  of  river,  nail  in  hickory  tree. 

Goi^  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water , 

Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt. . 

Surface  of  water , 

Head  of  shoals,  surface  of  water , 

Surface  of  water 

Cfhestatee  dam,  top  of,  surface  of  water 

Chestatee  dam,  foot  of,  surface  of  water , 

Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of 


El«vation 
in  feet. 

309 

305 

304 

296 

303.10 

293 

263 

265.45 

,262 

215 

231.37 

,209 

,218.11 

,207 

,206 

,201 

,214.34 

,200 

,189 

,187 

,174 

,183.54 

,169 

,163 

,  166. 95 

,160 

» 

,155 

,150 

,149 

, 159. 21 

,138 

,133 

1 

,  150. 10 

1 

,130 

1 

,125 

,122 

,119 

,115 

,121.86 
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road,  marked  "  1529  Atlanta,"  the  elevation  of  which  is  accepted  m^ 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  IQOS&djust.- 
ment  ot  the  precise-level  net. 

The  levehng  was  done  in  1903,  under  the  direction  of  F.  A.  Franck. 
field  assistant,  by  Joseph  Palmer,  levelman. 

EkeaiiMu  on  Chettaite  River  bdow  Willow,  Ga. 


fn'S 

Klevatkn 

2.5 

Willow,  2.5  laW^  north  of,  on  wM,t  Mde  <A  rivf^r,  at  fork  ot  road,  in 

.0 
.0 

Waiow,  near  west  end  of  bridge,  wabut  tree,  naU  in  root  of 

1,461-37 

1 

Foot  of  shoals,  opposite,  west  aide  of  river,  nail  in  root  of  maple  trf«. . 

1. 447. 54 

2.5 

3 

Si^t  bank  and  10  feet  from  river,  nul  in  root  of  red  oak  tree 

1,437.  M 

3.7 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

1,425.41 

4.2 

4.7 

1,3M 

4.9 

1,390 

HALL  A.ND~1 
HOYT.     J 


CHEST ATEE   RIVEB. 
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Elevations  on  ChestaUe  River  below  WiUow,  Oa. — Continued. 


Distance 
in  mllea. 


39.8 
39.8 
39.9 

40.8 
40.8 
40.9 
42.6 
42.6 
43.4 
44.6 
44.6 
45.6 

47.7 


Bolden's  bridge,  west  side  of  east  approach,  top  of,  iron  boli 

Surface  of  water 

Mill,  top  of  dam,  surface  of  water 

Mill,  foot  of  dam,  surface  of  water 

Langleys  Creek,  east  side,  40  feet  below  mouth,  nail  in  root  of  red  oak 

Langleys  Creek,  mouth  of,  surface  of  water 

Surface  of  water 

East  bank  of  river,  nail  in  root  of  sycamore  tree 

Surface  of  water 

Surface  of  water 

River,  200  feet  from,  in  open  field,  nail  in  walnut  tree 

Surface  of  water 

Mouth  of  branch,  near,  40  feet  from  east  bank  of  river,  nail  in  red 
oak  tree 

Chestatee,  Ga.,  near,  at  mouth  of  Chestatee  River,  near  Keith's 
bridge,  nail  in  root  of  walnut  tree 


Elevation 
in  feet. 


1,001.28 

983 

977 

989.34 

972 

970 

974.48 

964 

963 

975.87 

960 

981.76 

964.37 


HIWAS8EE   RIVBR  PROM    HIWA8SBE,   OA.,  TO   APALACHIA,   N.  C. 

Hiwassee  River  was  surveyed  from  Hiwassee,  Ga.;  to  Apala^ 
chia,  N.  C,  a  distance  of  63  miles.  In  that  distance  there  is  a  fall 
of  707  feet.  A  line  of  secondary  levels  based  on  the  United  States 
Geological  Survey  bench  mark  at  Hiwassee,  Ga.,  was  run.  The 
field  sheets  were  plotted  on  the  scale  of  1 :22,500.  During  the  course 
of  the  survey  39  bench  marks  were  established  and  119  water-surface 
elevations  obtained. 

There  are  no  shoals  of  any  consequence  until  just  below  Bell  Creek, 
where  there  is  one  of  10  feet  with  good  rock  bottom  and  rock  bluffs 
on  the  northeast  side  of  the  river.  A  dam  could  be  constructed 
here  with  a  length  of  about  200  feet. 

One  mile  below  Hayesville  Bridge  is  a  shoal  with  a  fall  of  18  feet 
in  1}  miles,  but  no  suitable  place  for  a  dam  was  noted. 

One  and  one-half  miles  below,  at  Passmore  Ford,  is  a  shoal  with  a 
21 -foot  fall  in  1 J  miles  and  with  a  fairly  good  site  for  the  construction 
of  a  dam.  The  bottom  is  rocky  and  there  are  rock  bluffs  on  the 
south  side  of  the  river.     The  dam  would  be  about  300  feet  long. 

Four  and  one-half  miles  below  is  the  12-foot  dam  of  the  Cherokee 
Lumber  Company.  This  is  a  splendid  site.  A  40-foot  structure 
would  not  back  the  water  over  1 J  miles  and  would  not  do  any  dam- 
age to  cultivated  lands. 

Three  miles  below,  at  Island  Ford,  is  a  shoal  with  a  17-foot  fall  in 
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road,  marked  '*  1529  Atlanta,"  the  elevation  of  which  is  accepted  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment ot  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A..  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  Ckestatee  River  below  WiUoWt  Ga. 


Distance 
in  miles. 


■s. 


2.5 

.0 
.0 
.25 

1 

1 

1.6 

2.5 

2.7 

3 

3 

3.7 

3.8 

4 

4 

4.2 

4.7 

4.7 

4.9 

5.2 

5.2 

5.4 

5.4 

6 

6.4 

6.4 

6.9 

7.3 

8 

8.2 


Elevatioti 
iofeet. 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta  " 

Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  large  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water •. 

Foot  of  shoals,  surface  of  water 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak , 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water , 

Crooked  Shoal,  foot  of,  surface  of  water , 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory , 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water , 


Small  creek,  mouth  of,  opposite  center  of  shoals,  spruce  pine,  nail 
in  root  of 

Old  dam,  top  of,  surface  of  water 

Old  dam,  bottom  of,  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . . 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 


52&6I9 

461.37 

451 

449 

447.54 

446 

444 

443 

438 

428 

422 

437.94 

416 

415.5 

406 

425.41 

405 

399 

4(M.53 

394 

390 

386 

384 

378 

388.79 

377 

353 

364.25 

346 

328 

335.59 
321 
317 
318. 35 


HALL  AKDl 
BOTT.     J 


CHEST ATEE   RIVER. 
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EkvatUma  on  CluBtatee  River  hdow  WiUoiw,  Ga. — Continued. 


Distanoe 
in  miles. 


8.2 
8.5 
8.8 


I 


Elevation 
inteet. 


9.4 
9.9 
10 
10.3 
10.7 
10.7 

11.1 
11.2 

11.2 
11.4 
11.6 
11.6 
11.7 
11.9 
12.6 

12.8 
13.5 

14 
14 
14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 


Surface  of  water 

Old  gold-etamping  mill,  foot  of  bridge  at,  surface  of  water. 

Head  of  shoaki  surface  of  water 

Foot  of  shoals,  surface  of  water 


Foot  of  shoals,  opposite,  left  bonk  river,  nail  in  root  of  sweet  gum 
tree 


Head  of  shoals,  surface  orWater 

Grinnells  Ford,  foot  of  shoals,  surface  of  water 

Grinnelk  Ford,  in  root  of  large  birch  tree,  near  ford,  nail  in  root  of 

Head  of  shells,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 


Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
bluff,  in  white  oak  tree,  nail 


GrinneU's  lower  ford,  surface  of  water 

Grinnell's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
laige  rock,  chisel  mark 

Grrinnell's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  flhoaky  surface  of  water 

Right  bank  of  river,  nail  in  root  of  hickory  tree 

Head  of  ahoals,  aurface  of  water 

Foot  of  ■hodb,  florface  of  water 

Head  of  ahoak,  aorfaee  of  water 

Foot  of  ahoak,  auilace  of  water , 

Right  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water , 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water , 

Gorge  dam,  above,  head  of  shoals,  surface  of  water , 

Goi^e  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree. . , 

Gorge  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water 

Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Chestatee  dam,  top  of,  surface  of  water 

Chestatee  dam,  foot  of,  surface  of  water 

Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of 


1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.1 
1 

1 

1 

1 

1 

1 

1 

1 

1, 

I 

1 


309 
305 
304 
296 

303.10 

293 

263 

265.45 

262 

215 

231.37 
209 

218. 11 

207 

206 

201 

214.34 

200 

189 

187 

174 

183.54 

169 

163 

166.95 

160 

155 

150 

149 

159.21 

138 

133 

150.10 

130 

125 

122 

119 

115 

121.86 
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[no.  U*. 


N. 


road,  marked  *'  1529  Atlanta/*  the  elevation  of  which  is  accepted  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment ot  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A..  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  ChesUUee  River  hdow  WiHoWy  Ga, 


Distance 
in  miles. 


2.5 

.0 
.0 
.25 

1 

1 

1.6 

2.5 

2.7 

3 

3 

3.7 

3.8 

4 

4 

4.2 

4.7 

4.7 

4.9 

5.2 

5.2 

5.4 

5.4 

6 

6.4 

6.4 

6.9 

7.3 

8 

8.2 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta" 


Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  large  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water •. 

Foot  of  shoals,  surface  of  water 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water 

Crooked  Shoal,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface*  of  water 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of. . . 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Small  creek,  mouth  of,  opposite  center  of  shoals,  spruce  pine,  nail 
in  root  of , 

Old  dam,  top  of,  surface  of  water 

Old  dam,  bottom  of,  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . . 


EleTAkkio 
in  feet. 


1,528.649 

1,461.37 

1,4^ 

1,449 

1,447.54 

1,446 

1,444 

1,443 

1,438 

1,428 

1,422 

1,437.94 

1,416 

1,415l5 

1,406 

1,425.41 

1,405 

1,399 

1,404.53 

1,394 

1,390 

1,386 

1,  tfc94 

1,378 

1,388.79 

1,377 

1,353 

1,364.25 

1,346 

1,328 

1 ,  (j^So.  «X7 
1,321 
1,317 
1,318.35 


HALL  ANDl 
BOYT.     J 


CHEST ATEE   RIVER. 
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ElevaHona  on  Chestaiee  River  hdow  WiUoWf  Oa. — Continued. 


Distance 
in  miles. 


8.2 

8.8 


9.4 
9.9 
10 
10.3 
10.7 
10.7 

11.1 
11.2 

11.2 
11.4 
11.6 
11.6 
11.7 
11.9 
12.6 

12.8 
13.5 

14 
14 
14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 


Surface  of  water 

Old  gold-«tamping  mill,  foot  of  bridge  at,  surface  of  water. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Elevation 
in  feet. 


Foot  of  shoals,  opposite,  left  bank  river,  nail  in  root  of  sweet  gum 
tree 

Head  of  shoals,  surface  ©rWater 

Grinnclls  Ford,  foot  of  shoals,  surface  of  water 

Grinnells  Ford,  in  root  of  lai^  birch  tree,  near  ford,  nail  in  root  of . . 

Head  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
bluff,  in  white  oak  tree,  nail 

Grinnell's  lower  ford,  surface  of  water 

GriimeJl's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
laige  rock,  chisel  mark 

Grinnell's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  of  ahoak,  surface  of  water 

Foot  of  sfaods,  nirface  of  water 

Rig^t  bank  of  river,  nail  in  root  of  hickory  tree 

Head  of  ahoab,  aorf aoe  of  water 

Foot  of  diQalB,  florfaoe  of  water 

Head  of  flhoala,  aorfaoe  of  water 

Foot  of  shoak,  sui&oe  of  water 

Bight  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Gorge  dam,  above,  head  of  shoals,  surface  of  water 

Gorge  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree. . 

Gorge  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water 

Beardcn's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Chestatee  dam,  top  of,  surface  of  water 

Chestaiee  dam,  foot  of,  surface  of  water 

Iron  Bridge^  60  feet  below,  beech  tree,  nail  in  root  of 


1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.1 
1 

1, 

1 

1 

1 

1 

1 

1, 

1 


309 
305 
304 
296 

303.10 

293 

263 

265.45 

262 

215 

231.37 
209 

218. 11 

207 

206 

201 

214.34 

200 

189 

187 

174 

183.54 

169 

163 

166.95 

160 

155 

150 

149 

159.21 

138 

133 

150.10 

130 

125 

122 

119 

115 

121.86 
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road,  marked  ''  1529  Atlanta/'  the  elevation  of  which  is  accepted  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment of  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

EUvations  on  Chestatee  River  below  Willow ^  Ga. 


Distance 
in  miles. 


2.5 

.0 
.0 
.25 

1 

1 

1.6 

2.5 

2.7 

3 

3 

3.7 

3.8 

4 

4 

4.2 

4.7 

4.7 

4.9 

5.2 

5.2 

5.4 

5.4 

6 

6.4 

6.4 

6.9 

7.3 

8 

8.2 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta '^ 

Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree . 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  large  shoals,  surface  of  water 

Foot  of  lai^e  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water •. 

Foot  of  shoals,  surface  of  water 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water 

Crooked  Shoal,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Small  creek,  mouth  of,  opposite  center  of  shoals,  spruce  pine,  nail 
in  root  of 

Old  dam,  top  of,  surface  of  water 

Old  dam,  bottom  of,  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . 


ElrvatioD 
in  feet. 


1,528.619 

1,461.37 

1,4W 

1,449 

1,447.54 

1,446 

1,444 

1,443 

1,438 

1,428 

1,422 

1,437.94 

1,416 

1,415.5 

1,406 

1,425.41 

1,405 

1,399 

1,404.53 

1,394 

1,390 

1,386 

1,384 

1,378 

1,388.79 

1,377 

1,353 

1,364.25 

1,346 

1,328 

1,335.50 
1,321 
1,317 
1,318.35 
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Distance 
in  miles. 


8.2 

8.5 

8.8 

1 

9.4 

9.9 

10 

10.3 

10.7 

10.7 

11.1 

11.2 

11.2 

11.4 

11.6 

11.6 

11.7 

11.9 

12.6 

12.8 

13.5 

14 

14 

14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 

Elevation 
in  feet. 


Surface  of  water 

Old  gold-stamping  mill,  foot  of  bridge  at,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoak,  surface  of  water 

Foot  of  shoals,  opposite,  left  bank  river,  nail  in  root  of  sweet  gum 
tree 

Head  of  shoals,  surface  orWater 

Grinnells  Ford,  foot  of  shoals,  surface  of  water 

Giinnells  Ford,  in  root  of  large  birch  tree,  near  ford,  nail  in  root  of . . 

Head  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
bluff,  in  white  oak  tree,  nail 

Grinnell's  lower  ford,  surface  of  water 

Qrinnell's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
large  rock,  chisel  mark 

Grimiell's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  of  afaoals,  surface  of  water 

Foot  of  ahoak,  surf aoe  of  water 

Right  bank  of  river,  nail  in  root  of  hickory  tree 

Head  of  ahoab,  surface  of  water 

Foot  of  shoala,  sorface  of  water 

Head  of  dioak,  sorfaoe  of  water 

Foot  of  ahoak,  surface  of  water 

Bi^t  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Gorge  dam,  above,  head  of  shoals,  surface  of  water 

Gorge  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree. . 

Gorge  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water 

Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt. .. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Chestatee  dam,  top  of,  surface  of  water 

Chestatee  dam,  foot  of,  surface  of  water 

Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of 


1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.1 
1 


1 


1 


1 


309 
305 
304 
296 

303.10 

293 

263 

265.45 

262 

215 

231.37 
209 

218. 11 

207 

206 

201 

214.34 

200 

189 

187 

174 

183.54 

169 

163 

166.95 

160 

155 

150 

149 

159.21 

138 

133 

150.10 

130 

125 

122 

119 

115 

121.86 
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road,  marked  ''  1529  Atlanta/*  the  elevation  of  which  is  accepted  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment ot  the  precise-level  net. 

The  leveling  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  ChestaUe  River  bdow  WiUoWf  Ga, 


Diiitanoe 
in  miles. 


2.5 

.0 
.0 
.25 

1 

1 

1.6 

2.5 

2.7 

3 

3 

3.7 

3.8 

4 

4 

4.2 

4.7 

4.7 

4.9 

5.2 

5.2 

5.4 

5.4 

6 

6.4 

6.4 

6.9 

7.3 

8 

8.2 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta" 

Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. . 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  lai^ge  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water 

Foot  of  shoals,  surface  of  water 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water 

Crooked  Shoal,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Small  creek,  mouth  of,  opposite  center  of  shoals,  spruce  pine,  nail 
in  root  of 

Old  dam,  top  of,  surface  of  water 

Old  dam,  bottom  of,  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . . 


£leTatioa 
infect. 

1,528.&19 

1,461.37 

1,451 

1,449 

1,447.54 

1,446 

1,444 

1,443 

1,438 

1,428 

1,422 

1,437.^ 

1,416 

1,415-5 

1,406 

1,425.41 

1,405 

1,399 

1,404.53 

1,394 

1,390 

1,386 

1,384 

1,378 

1,388.79 

1,377 

1,353 

,  1,364.25 

1,346 

1,328 

1,335.50 

1,321 

1,317 

1.318.35 
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Distance 
in  miles. 


8.2 
8.5 
8.8 


Elevation 
in  teet. 


9.4 
9.9 
10 
10.3 
10.7 
10.7 

11.1 
11.2 

11.2 
11.4 
11.6 
11.6 
11.7 
11.9 
12.6 

12.8 
13.5 

14 
14 
14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 


Surface  of  water 

Old  gold-stamping  mill,  foot  of  bridge  at,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  opposite,  left  bonk  river,  nail  in  root  of  sweet  gum 
tree 


Head  of  shoals,  surface  ofwater 

Grinnells  Ford,  foot  of  shoals,  surface  of  water < 

Grinnells  Ford,  in  root  of  large  birch  tree,  near  ford,  nail  in  root  of . . 

Head  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
bluff,  in  white  oak  tree,  nail 

Qrinnell's  lower  ford,8urface  of  water 

Chinnell's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
luge  rock,  chisel  mark 

Grriimell's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  of  shoals,  siuf  aoe  of  water 

Foot  of  ahoak,  surf  ace  of  water 

Ri^t  bank  of  river,  nail  in  root  of  hickory  tree 

Head  of  ahoab,  siuf  aoe  of  water 

Foot  of  flhoala,  aoifaoe  of  water 

Head  of  shoals,  aoif  aee  of  water 

Foot  of  flhoab,  auilaoe  of  water , 

Ri^t  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Qorge  dam,  above,  head  of  shoals,  surface  of  water 

Gorge  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree. . 

Goi^e  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water 

Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt. .. 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Chestatee  dam,  top  of,  surface  of  water 

Chestatee  dam,  foot  of,  surface  of  water 

Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of 


1,309 
1,305 
1,304 
1,296 

1,303.10 

1,293 

1,263 

1,265.45 

1,262 

1,215 

1,231.37 
1,209 

1,218.11 
1,207 
1,206 
1,201 
1,214.34 
1,200 
1,189 
1,187 
1,174 
1, 183. 54 
1,169 
1,163 
1,166.95 
1,160 
.1,155 
1,150 
1,149 
1,150.21 
1,138 
1,133 
1, 150. 10 
1,130 
1,125 
1,122 
1,119 
1,115 
1,121.86 


78 


RtVER   SURVEYS    AND   PROFILES   OF   1903. 


[KO.  lla 


road,  marked  "  1529  Atlanta,"  the  elevation  of  which  is  accepted  as 
1,528.649  feet  above  mean  sea  level,  in  accord  with  the  1903  adjust- 
ment ot  the  precise-level  net. 

The  leveUng  was  done  in  1903,  under  the  direction  of  F.  A.  Franck, 
field  assistant,  by  Joseph  Palmer,  levelman. 

Elevations  on  Chettatee  River  hdow  WiOoWf  Ga. 


Distance 
In  miles. 


2.5 

.0 
.0 
.25 

1 

1 

1.6 

2.5 

2.7 

3 

3 

3.7 

3.8 

4 

4 

4.2 

4.7 

4.7 

4.9 

5.2 

5.2 

5.4 

5.4 

6 

6.4 

6.4 

6.9 

7.3 

8 

8.2 


Willow,  2.5  miles  north  of,  on  west  side  of  river,  at  fork  of  road,  in 
rock,  bronze  tablet  marked  "  1529  Atlanta  " 


Willow,  near  west  end  of  bridge,  walnut  tree,  nail  in  root  of 

Surface  of  water 

Surface  of  water 

Foot  of  shoals,  opposite,  west  side  of  river,  nail  in  root  of  maple  tree. 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Right  bank  and  10  feet  from  river,  nail  in  root  of  red  oak  tree 

Surface  of  water 

Head  of  large  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Shoals,  opposite,  right  bank  of  river,  nail  in  root  of  red  oak 

Surface  of  water •. 

Foot  of  shoals,  surface  of  water 

Sharp  bend  of  river,  right  bank,  nail  in  root  of  red  oak 

Surface  of  water 

Crooked  Shoal,  head  of,  surface  of  water 

Crooked  Shoal,  foot  of,  surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Left  bank  of  river,  opposite  shoals,  large  white  oak,  nail  in  foot  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Foot  of  shoals,  left  bank,  60  feet  below,  nail  in  root  of  hickory 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 


Small  creek,  mouth  of,  opposite  center  of  shoals,  spruce  pine,  nail 
in  root  of 

Old  dam,  top  of,  surface  of  water , 

Old  dam,  bottom  of.  surface  of  water 

Gannett  Bridge,  10  feet  below,  on  left  bank  river,  nail  in  red  oak. . . 


ElevatioD 
infect. 


1,528.6^9 

1,461.37 

1,454 

1,449 

1,447.54 

1,446 

1,444 

1,443 

1,438 

1,428 

1,422 

1,437.W 

1,416 

1,415.5 

1,406 

1,425.41 

1,405 

1,399 

1,404.53 

1,394 

1,390 

1,386 

1,384 

1,378 

1,388.79 

1,377 

1,353 

1,364.25 

1,346 

1,328 

1,335.50 

1,321 

1,317 

1.318.  as 
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ElevaiwM  on  Chestatee  River  heUnv  WiMow,  Qa. — Continued. 


Distance 
in  milee. 


8.2 
8.5 
8.8 


9.4 

9.9 

10 

10.3 

10.7 

10.7 

11.1 

11.2 

11.2 

11.4 

11.6 

11.6 

11.7 

11.9 

12.6 

12.8 

13.5 

14 

14 

14.6 

14.9 

15.8 

15.9 

16.4 

17 

17 

17.6 

17.8 

20.2 

20.2 

20.4 

Surface  of  water -  - 

Old  gold-etamping  mill,  foot  of  bridge  at,  surface  of  water 

Head  of  shoals,  surface  of  water , 

Foot  of  shoals,  surface  of  water 

i  Foot  of  shoals,  opposite,  left  bank  river,  nail  in  root  of  sweet  gum 
tree 


Elevation 
in  feet. 


Head  of  shoals,  surface  orWater 

GrinncUs  Ford,  foot  of  shoals,  surface  of  water 

Grinnells  Ford,  in  root  of  large  birch  tree,  near  ford,  nail  in  root  of . 

Head  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  foot  of  shoals,  surface  of  water 

Tesnatee  River,  mouth  of,  in  fork  between  rivers,  on  side  of  rock 
blujff,  in  white  oak  tree,  nail 

Qrinnell's  lower  ford,  surface  of  water 

Grinnell's  lower  ford,  on  right  bank  100  yards  below  ford,  point  of 
large  rock,  chisel  mark 

Griimell's  lower  ford,  foot  of  shoals,  surface  of  water 

Head  (A  dftoak,  surface  of  water 

Foot  of  ahoaky  suif  aoe  of  water 

Ri^t  bank  of  river,  nail  in  root  of  hickory  tree 

Head  of  ahoals,  nirfaoe  of  water 

Foot  of  ahoak,  aoifaoe  of  water 

Head  of  ahoala,  anifaee  of  water 

Foot  of  ahoak,  auilaoe  of  water 

Rigjkt  bank  river,  pine  tree,  nail  in  root  of 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

White  oak  tree,  nail  in  root  of 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Gorge  dam,  above,  head  of  shoals,  surface  of  water 

Gorge  dam,  40  feet  below,  right  bank  of  river,  nail  in  hickory  tree. . . 

Gorge  dam,  below  dam,  foot  of  shoals,  surface  of  water 

Surface  of  water 

Bearden's  bridge,  top  of  stone  pier  on  west  approach,  iron  bolt 

Surface  of  water 

Head  of  shoals,  surface  of  water 

Surface  of  water 

Chestatee  dam,  top  of,  surface  of  water 

Chestatee  dam,  foot  of,  surface  of  water 

Iron  Bridge,  60  feet  below,  beech  tree,  nail  in  root  of 


1,309 
1,305 
1,304 
1,296 

1,303.10 

1,293 

1,263 

1,265.45 

1,262 

1,215 

1,231.37 
1,209 

1,218.11 
1,207 
1,206 
1,201 
1,214.34 
1,200 
1,189 
1,187 
1,174 
1, 183. 54 
1,169 
1,163 
1,166.95 
1,160 
.1,155 
1,150 
1,149 
1,150.21 
1,138 
1,133 
1,150.10 
1,130 
1,125 
1,122 
1,119 
1, 115 
1,121.86 
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Elevations  on  Nottely  River  from  ils  mouth  to  BlairsviUe,  Ga. — Continued. 


Distance 
in  miles. 


27.9 

28.4 

28.4 

29 

29 

29.1 

29.4 

30 

30.3 

30.3 

30.8 

31.1 

31.4 

31.4 

31.5 

31.9 

31.9 

31.9 

32.2 

33 

33.6 

33.6 

33.6 

33.6 

34.5 
34.5 
35 
35.9 

35.9 
35.9 
37.2 


Above  shoals,  surface  of  water 

Morgan  Ford,  40  feet  north  of,  red-oak  tree 

Surface  of  water 

Mouth  of  Young  Cane  Creek,  surface  of  water 

Mouth  of  Castile  Creek,  surface  of  water 

Castile  Creek,  1,600  feet  above,  on  rock,  edge  of  river,  point  on  rock . 

Above  rapids,  surface  of  water 

Above  fish  dam,  surface  of  water 

McBee  Ford,  60  feet  north  of,  nail  in  side  of  red  oak 

Surface  of  water 

Above  branch,  surface  of  water 

Mouth  of  Reece  Creek,  surface  of  water 

Youngs  Ford,  80  feet  southwest  of,  red-oak  tree 

Surface  of  water 

Millbum  Creek,  just  below,  surface  of  water 

At  canal,  surface  of  water  at  foot  of 

Head  of  canal,  surface  of  water , 

Canal  cut,  50  feet  northeast  of  river,  15  feet  southwest  of  ford,  nail 
in  root  of  red-oak  tree  (cut  has  a  drop  of  3.6  feet) 

Above  small  rapids,  surface  of  water 

Mouth  of  creek,  surface  of  water 

Watkins  Bridge,  375  feet  above,  north  edge  of  river,  point  on  rock . . . 

Surface  of  water 

Jarrett  milldam,  foot  of,  surface  of  water 

Jarre tt  milldam,  head  of,  surface  of  water  (Jarrett  milldam  has  a 
drop  of  3.79  feet ) 

Reeds  Ford,  150  feet  east  of,  nail  in  root  of  walnut  tree 

Surface  of  water 

Above  small  rapids,  surface  of  water 

Blairsville  Bridge,  100  feet  southeast  of,  mouth  of  Butternut  Creek, 
15  feet  north  of,  nail  in  side  of  red-oak  tree 

Surface  of  water 1 . . . 

High  water 

Blairsville  court-house.  Union  County,  Ga.,  in  wall  on  west  side  of 
building,  bronze  tablet 


ElevaTi 
in  lui. 


.714 
,702 
,699 

709 

714  J' 

715 

718 

r34.:C 

721 

T£i 

724 

741  0- 

727 

730 

732 

735 

741. 2t. 

739 

743 

747.  M 

747 

74S 

752 
766. 24 
755 
760 

775.  W 

769 

783 

891.  n:^ 


TOCCOA  RIVER  BELOW  DIAL,  GA. 

Toccoa  River  was  surveyed  from  Butts  Bridge,  3  miles  east  of  Dial 
Ga.,  to  the  Tennessee  State  line,  near  McCays,  Tenn.  In  the  36  miles 
surveyed  there  is  a  fall  of  414  feet.  A  line  of  secondary  levels  was  run. 
based  on  the  primary  bench  mark  of  the  United  States  Geological 
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Survey,  three-fourths  of  a  mile  northeast  of  Butts  Bridge.  The  field 
sheets  were  plotted  on  the  scale  of  1 :  22,500,  and  during  the  course  of 
this  survey  27  bench  marks  were  established  and  94  waternsurface 
elevations  were  obtained. 

Toccoa  River  flows  in  a  northwesterly  direction,  and  after  crossing 
the  Tennessee  State  line  is  known  as  Ocoee  River.  Between  Pigeon 
Creek  and  Dial  Bridge  there  is  a  shoal,  with  a  fall  of  21  feet  in  1}  miles. 
There  are  good  foundations  for  a  dam  250  feet  long. 

From  upper  Big  Creek  to  Shallow  Ford,  3  miles,  there  is  a  fall  of  55 
feet  in  an  almost  continuous  shoal.  There  are  several  available  power 
sites,  and  building  material  is  easily  accessible.     From  Shallow  Ford 

2,000 
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Miles      35 


30  25  20  15  10 

Fio.  16.— Profile  of  Toccoa  River  helow  Dial,  Oa. 


0 


1,250 


to  WUscot  Creek,  1\  miles,  the  river  has  an  average  fall  of  18  feet  per 
mile.  There  are  several  excellent  sites  where  there  is  hard  rock  on 
either  side. 

From  Wilscot  Creek  to  CharUe  Creek  there  is  an  average  fall  of  14 
feet  per  mile,  with  several  fine  shoals  having  steep  hills  and  good  hard 
bottom. 

Eleven  miles  down  the  river,  at  Galloway,  Ga.,  there  is  a  shoal  with 
a  fall  of  10  feet  in  half  a  mile.  This  would  be  a  good  site  for  a  small  dam. 
From  one-half  mile  below  Galloway  to  McCays,  Tenn.,  6  miles,  the 
riv^  has  a  fall  of  60  feet,  with  several  good  power  sites. 
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The  elevations  in  the  following  list  are  based  upon  an  aluminum 
tablet  at  the  Washington  street  entrance  of  the  State  capitol  building 
at  Atlanta,  marked  "1050  M  C/'  the  elevation  of  which  is  now 
accepted  as  1,049.546  feet  above  mean  sea  level.  They  accord  with 
the  1903  adjusted  elevations  of  primary  bench  marks  near  Morganton 
and  Shallow  Ford.  The  section  from  Shallow  Ford  to  McCays  Ferry 
is  a  single  spur  line. 

The  leveling  was  done  under  the  direction  of  Carroll  Caldwell,  field 
assistant,  by  T.  B.  O'Hagan,  levelman. 

ElevaJtions  on  Toceoa  River  from  Butts  Bridge^  Georgia,  to  Tennessee  State  line. 


Distance 
in  miles. 


0.0 

1.5 
1.5 
1.5 
2 

2 

2.3 

2.5 

2.9 

3.1 

3.1 

3.1 

4 

4 

4.2 

4.2 

4.7 

51 

5.2 

5.2 

5.2 

5.7 

5.9 

6.1 

6.4 

6.4 

7 

7.1 


Elevati-fic 
in  feet. 


Mor^nton  (3  miles  east  of  Dial),  forks  of  Moi^nton  and  EUijay 
road,  in  large  marble  rock,  copper  bolt  marked  *  *  1981 " 

Butts  Bridge,  surface  of  water 

Butts  Bridge,  east  side  of,  nail  in  top  of  abutment 

High-water  mark 

Pigeon  Creek,  550  feet  east  of,  north  side  of  road,  60  feet  north  of 
river,  point  on  rock , 

Mouth  of  Pigeon  Creek,  surface  of  water ] 

Between  rapids,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Mouth  of  Weeks  Creek,  foot  of  rapids,  surface  of  water 

Dial  post-office.  Van  Zant's  bridge,  100  feet  north  of,  east  side  of 
road,  nail  in  root  of  red-oak  tree 


Surface  of  water 

High-water  mark 

Mouth  of  Noontootly  Creek,  surface  of  water. . . 

Mouth  of  branch,  surface  of  water 

Rogers  Ford,  50  feet  west  of,  nail  in  root  of  tree. 

Surface  of  water 

Surface  of  water 

In  rapids,  surface  of  water 


Big  Creek  Ford,  225  feet  southeast  of,  50  feet  south  of  river,  nail  in 
root  of  white-oak  tree , 


Surface  of  water 

In  rapids,  surface  of  water 

Above  rapids,  surface  of  water. . . 
Below  fish  dam,  surface  of  water. 
Head  of  shoals,  surface  of  water. 
Foot  of  shoals,  surface  of  water. . 

Surface  of  water 

Surface  of  water 


Shallow  Ford,  1  mile  north  of,  north  side  of  road,  in  large  rock,  cop- 
per bolt  marited  "  1859  " I 


1 


947.821 

858 

874.25 

870 

858.3.5 

849 

845 

840 

890 

8*4.68 

828 

851 

823 

821 

825.14 

820 

815 

813 

817. 74 

810 

809 

802 

799 

795 

791 

790 

782 

826.439 
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ElevaiioTis  on  Toceoa  River  from  Butts  Bridge^  GeorgicLf  to  Tennessee  Strte  line — Continued. 


Distance 
in  milee. 


7.1 
7.6 
8.1 
8.1 
8.1 
8.3 
8.6 
8.8 
9.1 
9.3 
9.5 
9.9 

10 

10.2 

10.2 

10.2 

10.7 

11 

11.2 

11.5 

11.6 

11.8 

11.8 

11.9 

12 

12.9 

13.3 

13.4 

13.4 

14 

14.6 

14.6 

14.7 

15.2 

15.4 

15.8 

16 

16.8 


Single  flying  level  spur  line  to  Me  Cays  Ferry. 

Below  rapids,  surface  of  water *. 

In  rapids,  surface  of  water 

ShaUow  Ford,  100  feet  north  of, nail  in  root  of  red-oak  tree. 

Surface  of  water 

High-water  mtak , 

In  rapids,  surface  of  water 

Surface  of  water 

Mouth  of  Stanley  Creek,  surface  of  water , 

Rapids,  surface  of  water 

Mouth  of  stream,  surface  of  water , 

Below  rapids,  surface  of  water , 


Stanley  Creek,  1  mile  northwest  of,  opposite  island,  north  side  of 
river,  point  on  rock 


In  rapids,  surface  of  water 

Opposite  falls  in  river,  50  feet  north  of  first  falls,  point  on  large  rock. . 

Head  of  falls,  surface  of  water 

Foot  of  falls,  surface  of  water 

Mouth  of  branch,  surface  of  water 

Below  rapids,  surface  of  water 

Mouth  of  Flat  Creek,  surface  of  water 

In  rapids,  surface  of  water 

Surface  of  water 

Head  of  long  shoals,  surface  of  water 

Rock  cliff,  south  side  of  river,  opposite  large  shoals,  point  in  side  of  . 

Head  of  island,  in  shoals,  surface  of  water 

Foot  of  island,  in  shoals,  surface  of  water 

In  shoals,  surface  of  water 

Foot  of  large  shoals,  surface  of  water 

Below  rapids,  head  of  more  shoals,  surface  of  water 

In  rapids,  surface  of  water 

Foot  of  shoals,  surface  of  water 

Mouth  of  Persimmon  Creek,  surface  of  water 

Persimmon  Creek,  300  feet  east  of,,  west  side  of  river,  nail  in  root  of 
large  dead  stump 

Below  fish  dam,  surface  of  water 

Mouth  of  stream,  surface  of  water 

Mouth  of  Wilscot  Creek,  surface  of  water 

In  shoals,  surface  of  water 

Foot  of  shoals,  surface  of  water 

In  rapids,  surface  of  water 


Elevation 
in  feet. 

1,779 

J69 

,  774. 9.3 

1, 

763 

1 

.774 

' 

758 

755 

752 

747 

743 

738 

738.77 

729 

,  744. 02 

,728 

719 

717 

709 

705 

,691 

,690 

,689 

,692.11 

,679 

,677 

,665 

,659 

,656 

,646 

A 

,640 

,633 

1 

,638.06 

,629 

,624 

1 

,624 

,616 

,609 

,602 
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EUvationi  on  Toetoa  River  from  Butts  Bridge^  Georgia,  to  Tenneooee  State  Une — OontinuML 


DisUnee 
in  milet. 


I 


8 


16.9 

17.1 

17.3 

17.3 

17.6 

18.2 

18.3 

18.8 

19 

19.6 

20 

20 

20 

20 

21.5  1 

21.6 

22 

22.4 

22.4 

22.9 

23.5 

23.6 

23.9 

23.9 

25.2 

25.5 

25.5 

25.5 

26.6 

26.8 

26.8 

28 

28.8 

28.8 

29.6 

30 

Ekratioa 
infect. 


Single  fifing  level  ojmr  Une  to  MeCaye  Ferrg — Gbntinued. 

Wikoot  Creek,  1.5  miles  northwest  of,  rock  cliff,  18  feet  north  of  : 

river,  point  on  veiy  lai^  rock 1 

In  shoals,  surface  of  water 1 

Foot  of  shoals,  surface  of  water 1 

Tarplej  Ford,  surface  <rf  water 1 

Tarplej  Ford,  20  feet  west  of,  nail  in  root  of  beech  tree 1 

In  rapids,  surface  of  water 1 

Mouth  of  creek,  suifaoe  of  water I 

Surface  of  water 1 

Mouth  of  creek,  surface  of  water 1 

Mouth  of  Bullfrog  Creek,  surface  of  water 1 

Surface  of  water 1 

Mouth  of  Charlie  Creek,  surface  of  water '  1 

Lovingood  Ford,  300  feet  northeast  of,  nail  in  side  of  walnut  tree 1 

Surface  of  water '  1 

High-water  mark 1 

Mouth  of  Star  Creek,  surface  of  water '  1 

Below  fish  dam,  surface  of  water 1 

Mouth  of  Rogers  Branch,  surface  of  water 1 

Toccoa  Bridge,  surface  of  water '  1 

Toccoa  Bridge,  10  feet  east  of,  nail  in  root  of  beech  tree '  1 

Mouth  of  spring  stream,  surface  of  water ^. '  1 

Below  small  rapids,  surface  of  water '  1 

Mouth  of  Weavers  Creek,  surface  of  water {  1 

At  Benchlog  Ford,  surface  of  water |  I 

Benchlog  Ford,  20  feet  northeast  of,  nail  in  side  of  beech  tree 1 

Large  bend  in  river,  surface  of  water 1 

Atlanta,  Knoxville  and  Northern  Railroad  bridge,  east  side  of  bridge 

abutment,  point  on  rock 1 

Surface  of  water 1 

High-water  mark 1 

Mouth  of  branch,  surface  of  water 1 

Harts  Ford,  100  feet  west  of,  stump  on  edge  of  bank  at  canoe  land- 
ing, nail  in  side  of 1 

Surface  of  water 1 

Surface  of  water 1 

Bakers  Ford,  100  feet  southeast  of,  on  edge  of  bank,  nail  in  side  of 

birch  tree '. 1 

Surface  of  water 1 

Surface  of  water 1 

Bend  of  river,  surface  of  water , 1 


606.96 

eoo 

596 
503 

598.30 

589 

576 

571 

568 

565 

559 

555 

561.61 

554 

569 

550 

548 

«7 

516 

557.  &4 

510 

539 

538 

538 

513.47 

528 

536. 7<» 
526 
541 
519 

521.1^ 

516 

510 

515 
507 
504 
502 
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Itlevations  on  Toccoa  River  from  Butts  Bridget  Georgiay  to  Tennessee  State  line — Continued. 


Oista-nce 
in  miles. 


30.2 
30.9 
30.9 

31.2 
31.5 
32.1 

32.1 

32.5 

32.8 

33.7 

34 

34.5 

34.6 

34.6 

35 

35.4 

35.8 

35.8 
36.1 
36.3 
36.3 
37.5 

37.5 

37.5 
r>7.  5 


Elevation 
in  feet. 


Single  flying  lev^l  spur  tins  to  McCays  Ferry — C^ontinued. 

Surface  of  water 

Mouth  of  Sugar  Creek,  surface  of  wat«r 


Sugar  Creek  railroad  bridge  abutment,  point  in  center  of  east  side 
of  bridge 

Below  Galloway  Ford,  surface  of  water , 

In  shoals,  surface  of  water 

200  feet  northwest  of  ford,  4  feet  southeast  of  Atlanta,  Knoxville 
and  Northern  Railroad  track,  nail  in  side  of  peach  tree 

Surface  of  water 

Canoe  Landing,  surface  of  water 

Hothouse  Creek,  mouth  of,  surface  of  water 

Foot  of  small  shoals,  near  island,  surface  of  water 

Mouth  of  Barker  Creek,  surface  of  water 


Kyle  post-office,  600  feet  east  of,  Atlanta,  Knoxville  and  Northern 
Railroad  bridge  over  Barker  Creek,  on  southeast  end  of,  end  bolt. . 

Kyle  post-office,  40  feet  south  of,  in  front  of  Queen  Brothers'  store, 
pile  supporting  platform,  nail  in  top  of 

Kyle  ford,  surface  of  water 

Below  rapids,  surface  of  water , 

Mouth  of  Wolf  Creek,  surface  of  water , 

Atlanta,  Knoxville  and  Northern  Railroad  bridge  over  Ocoee  River, 
east  side  of  bridge,  point  on  abutment 

Surface  of  water 

In  bend  of  river,  surface  of  water '. , 

Dillbe<;k  Ford,  north  edge  of  river,  nail  in  side  of  dead  birch  tree . . . 

Surface  of  water 

McCays  post-office,  Polk  County,  Tenn.,  rock  supporting  southwest 
corner  of,  point  on 

McCays  Ferry,  north  side  of  river,  pile  supporting  swinging  bridge, 
cartridge  shell  in  top  of , 

High-water  mark 

Surface  of  water , 


1,498 
1,494 

1,508.32 

1,592 

1,589 

1,562.69 

1,484 

1,479 

1,476 

1,467 

1,464 

1,482.43 

1,483.62 
1,463 
1,458 
1,455 

1,471.98 

1,452 

1,450 

1,451.87 

1,447 

1,468.07 

1,460.15 

1,469 

1,444 


CHIPPEWA    RIVER    FROM    REEDS    LANDING,    MINNESOTA,    TO 

FLAMBEAU,  WIS. 

Between  April  15  and  June  12,  1903,  J.  R.  Ellis,  field  assistant, 
ran  a  careful  double-rodded  primary-level  line  along  the  Chippewa 
River  from  Reeds  Landing,  Minnesota,  to  Chippewa  Falls,  Wis.  This 
work  was  under  the  general  direction  of  J.  H.  Renshawe,  geographer 
in  charge  of  the  central  section  of  topography.  Later  in  the  year  it 
was  decided  to  continue  this  work  above  Chippewa  Falls,  and  on 
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September  1  the  central  and  eastern  sections  having  united  as  the 
eastern  section  of  topography,  H.  M.  Wilson,  geographer  in  charge, 
assigned  F.  T.  Fitch,  field  assistant,  to  this  work.  Between  that 
date  and  October  4  Mr.  Fitch  ran  a  line  of  flying  levels  accompanied 
by  a  plane-table  stadia  traverse  and  topographic  sketching  from 
Chippewa  Falls  to  Flambeau,  Wis. 


Fio.  17.— Map  showing  location  of  surveys  In  Wisconsin. 

This  level  work  is  based  on  a  bench  mark  of  the  Mississippi  River 
Commission  at  Reeds  Landing,  and  the  distances  were  obtained 
by  pacing.  No  plane-table  survey  of  the  river  was  undertaken. 
In  this  section,  64  miles  in  length,  there  is  a  fall  of  135  feet.  Eleven 
bench-mark  tablets  and  70  temporary  bench  marks  were  established, 
and  72  water-surface  elevations  were  determined. 

While  the  survey  was  being  made  the  stage  of  the  river  fluctuated 
greatly,  owing   to  rains  and    to   alternate   flooding   and   stoppage 
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of  the  stream  by  various  lumber  companies.  This  diversion  of  the 
water  is  the  cause  of  much  complaint  by  the  various  mill  owners, 
many  of  whom  want  a  system  of  reservoirs  constructed  near  the 
headwaters  to  regulate  the  water  supply. 

Owing  to  the  slight  fall,  the  width  of  the  stream,  and  the  wide 
bottom  lands,  there  are  no  opportunities  for  power  development 
upon  the  Chippewa  above  Reeds  Landing  until  the  city  of  Eau  Claire 
is  reached. 

On  Eau  Claire  River,  a  few  hundred  feet  above  its  junction  with 
the  Chippewa  at  Eau  Claire,  is  a  13-foot  dam  300  feet  long,  which 
furnishes  power  for  a  linen  mill.  A  few  miles  above  the  city  of 
Eau  Claire  on  Chippewa  River  the  Dells  Paper  Company  has  a  20- 
foot  dam  which  might  be  raised  3  or  4  feet  by  the  use  of  dashboards. 
There  are  no  power  sites  on  Chippewa  River  imtil  the  city  of  Chip- 
pewa Falls  is  reached,  but  there  are  good  prospects  of  developing 
power  on  several  of  the  tributaries  between  these  cities. 

From  Chippewa  Falls  to  Flambeau  the  stadia  survey  of  the  river 
and  adjacent  banks  was  plotted  on  a  scale  of  1:22,500.  In  this 
distance,  43  miles,  there  is  a  total  fall  of  244  feet.  Seven  bench 
marks  were  established  and  40  water-surface  elevations  were  deter- 
mined. 

At  Chippewa  Falls  a  wooden  13-foot  dam,  owned  by  the  Chippewa 
Falls  Lumber  and  Boom  Company,  increases  the  head  to  30  feet  and 
supplies  power  for  a  large  sawmill,  and  an  electric  plant  which  furnishes 
the  city  of  Chippewa  Falls  with  water  and  light.  This  dam  could 
be  made  higher,  as  the  local  conditions  are  favorable,  but  this  would 
interfere  with  a  proposed  plant  at  Paint  Creek  Rapids,  2 J  miles  up- 
stream, to  which  point  the  water  now  backs  up.  Here  there  was 
formerly  a  flooding  dam,  but  a  freshet  cut  a  channel  around  it  to 
the  north,  and  the  dam  has  since  been  torn  out.  A  14-foot  dam 
could  be  constructed  at  the  foot  of  the  rapids  where  the  banks  and 
bed  of  the  river  are  sand  intermingled  with  large  bowlders.  Abund- 
ant stone  for  construction  is  near  at  hand. 

At  Eagle  Rapids,  4^  miles  upstream,  is  a  good  site  for  a  dam. 
A  dam  here  was  torn  out.  A  20-foot  dam  would  back  water  three- 
fourths  of  a  mile  above  the  city  of  Chippewa,  where  O'Neils  Creek 
enters  from  the  west.  One  mile  above  O'Neils  Creek  is  a  gorge 
700  feet  wide.  A  25-foot  dam  would  have  solid  sandstone  for 
foundation  and  abutments  and  would  back  water  almost  to  the 
foot  of  Jim  Falls,  5  miles  above.  At  the  small  village  of  Jim  Falls, 
near  the  site  of  an  old  flooding  dam,  is  the  best  opportunity  for  power 
development  on  the  river.  This  point  is  now  under  development, 
the  company  having  purchased  all  the  land  needed  as  well  as  the 
water  rights.  The  river  flows  over  a  series  of  granite  ledges  from 
1  to  4  feet  high,  while  the  banks  seem  to  be  solid  rock  covered  by  a 
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few  feet  of  sandy  soil.  The  proposed  dam  wiD  be  28  feet  high  and 
will  be  located  at  the  head  of  the  rapids.  It  will  furnish  power  for  a 
pulp  mill.  The  dam  will  back  water  nearly  to  Brunne  Falls,  9i 
miles,  and  covers  the  Col  ton  and  Che  valley  rapids.  The  head 
obtained  by  this  dam  will  be  55  feet. 

At  Brunne  Falls  the  best  location  for  a  dam  would  be  at  the  main 
fall,  about  650  feet  above  the  foot  of  the  rapids,  where  a. 35-foot  dam 
would  back  the  water  up  to  the  rapids  at  Holcombe,  5i  miles.  The 
river  at  the  falls  is  very  narrow,  and  at  the  point  mentioned  the  banks 
are  ledges  of  rock.  A  rocky  island  in  the  river  would  help  in  the 
construction  a  good  deal. 

At  Holcombe  the  Chippewa  Falls  Lumber  and  Boom  Company 
has  an  old  dam  with  a  head  of  about  17  feet.  This  is  the  third  dam 
they  have  built  there,  the  others  having  been  washed  out  by  freshets. 
As  the  lumber  interests  in  this  locality  are  declining,  the  present 
dam  is  being  allowed  to  decay,  and  could  be  replaced  with  a  more 
substantial  structure  for  power  purposes.  The  river  here  has  a  rock 
bottom  and  rather  low,  clay  sides,  and  an  18-foot  dam  could  be 
constructed  on  the  site  of  the  present  structure,  which,  together 
with  a  15-foot  dam  at  the  foot  of  the  rapids,  would  not  destroy  any 
more  valuable  bottom  lands  above.  This  would  back  the  water  up 
for  more  than  a  mile  above  Deer  Tail  Creek  and  furnish  con- 
siderable storage.  From  here  to  Flambeau,  the  end  of  the  survey, 
there  are  no  rapids  of  any  consequence. 

There  are  two  railway  bridges  and  a  highway  bridge  across  the 
river  at  Chippewa  Falls  and  another  road  bridge  just  below  £agle 
Rapids.  There  are  but  few  boats  on  the  river,  as  during  the  log- 
driving  season  boats  would  be  crushed. 

The  lumbering  operations,  which  are  on  the  decline,  are  controlled 
by  the  Chippewa  Falls  Lumber  and  Boom  Company,  with  head- 
quarters at  Chippewa  Falls,  a  thriving  city  of  about  10,000  popula- 
tion, where  there  are  a  number  of  factories  and  mills.  About  t-en 
miles  above  is  the  city  of  Chippewa,  at  one  time  the  most  promising 
town  in  the  neighborhood,  but  now  little  more  than  a  hamlet.  At 
Jim  Falls  there  is  a  village,  but  Holcombe  is  the  only  town  of  any 
importance  above  Chippewa  Falls.  Several  railroad  lines  are  being 
built  in  this  section,  and  the  agricultural  and  manufacturing  interests 
are  supplanting  the  lumber  industry,  while  the  land  is  generally 
taken  up  by  settlers  wherever  the  lumber  has  been  cut,  so  that  no 
second-growth  timber  is  coming  up.  The  whole  community  seems 
very  prosperous,  while  numerous  companies  are  on  the  point  of 
investing  capital  in  the  manufacturing  interests  in  the  neighbor- 
hood. 

The  elevations  of  water  surfaces  of  the  river  are  dependent  on 
the  following  table  of  daily  gage  readings  by  the  Chippewa  Falls 
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Lumber  and  Boom  Company  from  a  gage  on  the  highway  bridge  at 
Chippewa  Falls.  The  elevation  of  the  zero  of  gage  is  804.8  feet 
above  sea  level.  The  gage  height  of  the  highest  water  known  had 
an  elevation  of  831.4  feet  above  sea  level. 


Gage  height  of  Chippewa  River  at  Chippewa  Falls. 


Date. 

Height. 

Ft.     In. 
8  10 
'    8   6 
8   0 
8   0 
7   9 
7   3 
6   8 
5   6 
5   6 

1           Date. 

1 

Height. 

1 

May  1 

1 

1  June  6 

Ft.  In. 
■     3  10 

2 

3 

4 

5 

6 

1     7 

1     8 

1 

9 

10 

11 

12 

13 

14 

15 

16 

2  2 
'  2  6 
1  3  0 
'    2   9 

2   6 

7 

!    2   6 

8 

2   2 

9 

10 

1   6 

11 

5   6 

8  9 

9  6 
9   6 
9   1 
8   1 

i    1  6 

12 

17 

1   6 

13 

18 

1   3 

14 

19 

0   6 

15 

20 

21 

22.. 

2   6 

16 

17 

1   0 

18 

6   3 

5  8 

6  2 
5   3 
5   8 
5   3 

23 

1   3 

19 

24.. 

26 

26 

27. 

28. 

29 

30 

1   0 

20 

0   9 

21 

0   9 

22 

0   9 

23 

24 

1   6 

25 

5  9 

6  4 
8   8 

11  0 

12  5 
11   8 
10   3 

8   8 

7  10 
6   6 
5   9 
4   9 

1  10 

26 

July  1 

3   8 

27 

2 

4  10 

28 

3 

5   7 

29 

4 

9   6 

30 

5 

10   6 

31 

6 

10   3 

June  1 

7 

9   0 

2 

8 

7   9 

3 

9 

6   9 

4 

10 

5   1 

5 

11 

6   0 
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Ooge  height  oj  Chippewa  River  at  Chippevoa  FaJU — Continued. 


Dftte. 


July  12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
Aug.    1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 


Date. 


Heigfat. 


Auir.  22 

Ft.    1%. 
1   9 

23 

24 

1   9 

25 

1   9 

26 

1   9 

27 

1   9 

28 

2  0 

29 

2   3 

30 

2   6 

31 

2   3 

Sept.  1 

2   3 

2 

2   9 

3 

2  3 

4 

2  0 

5 

* 

6 

2   3 

7 

2   6 

8 

2  S 

9 

4   0 

10 

4   4 

11 

5   1 

12 

7   0 

13 

7   S 

14 

9   6 

16 

12   4 

16 

13   3 

17 

12   6 

18 

11   0 

19 

9   6 

20 

8   6 

21 

7   3 

22 

6   4 

23 

5   6 

24 

4   6 

25 

3   3 

26 

3   3 

27 

3  3 

28 

3   4 

29 

3   3 

30 

3  3 

Oct.  1 ' 

3   3 

HA 
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Gage  height  of  Chippewa  River  ai  Chippewa  FalU — Continued. 


Date. 

Height. 

Date. 

Height. 

Oct.  2 

Ft.     In. 
3      3 
3      6 
5      9 

Oct.    5 

Ft.     In. 
7     10 

3 

6 

8      1 

4 

7 

8      0 

The  elevations  in  the  following  list  are  based  upon  a  bronze  tablet, 
marked  *^797  E.  C,"  at  southwest  comer  of  the  court-house  at  Eau 
Claire,  Wis.,  the  elevation  of  which  is  accepted  as  797.473  feet  above 
mean  sea  level.  The  initial  point  upon  which  these  levels  depend  is 
bench  mark  ''Bottom,"  of  the  Missouri  River  Commission,  opposite 
Reeds  Landing,  Minnesota,  the  elevation  of  which  is  accepted  as 
672.355  feet  above  mean  sea  level.  These  elevations  accord  with 
the  1903  adjustment  of  the  precise-level  net. 

Permanent  bench  marks  dependent  on  this  datum  are  marked  with 
the  letters  '*  E.  C."  in  addition  to  the  figures  of  elevation. 


Miles 


Fio.  18.  Profile  of  Chippewa  River  from  Reeds  Landing,  Minnesota,  to  Flambeau,  Wis. 

Elevatuma  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  MUwavJcu 

and  8i.  Paul  Railroad,  to  Chippewa  Falls,  Wis. 


Distance 
In  miles. 


0.0 


Reeds  Landing,  Minnesota  (Miss.  River  Commission  bench  mark 
''Bottom"),  tile  and  iron  pipe  in  low  flat  ground,  opposite,  220 
meters  from  left  bank  of  river,  in  property  of  Mrs.  C.  S.  Richards, 
45  meters  west  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  trestle 
to  bridge,  205  meters  southwest  of  end  of  trestle  and  small  pond. . 


Elevation 
in  feet. 


672.355 
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Elevations  an  Chippeioa  River  from  Reeds  Landing,  Minnesota,  along  Chicago ^  Mibvauku 
and  St.  Paid  Railroad^  to  Chippewa  Falls ,  Wis. — Continued. 


Distance 
in  miloB. 


0.5 
1.4 

1.4 

1.9 
2.6 

2.6 
3.2 
3.5 

3.5 
3.6 
3.8 

4.3 

4.5 
4.5 
0 

5.5 
5.8 
6.2 
6.6 
6.7 
7.4 

7.4 

7.9 

7.9 

8 

8.5 

8.5 

9 

9 

9.6 

9.6 

10.3 


High  water  in  back  water  of  slough 

Trevin's,  at  grade  crossing  Burlington  and  Chicago,  Milwaukee  and 
St.  Paul  railroads,  top  of  rail , 


'    Elevation 
I      in  feet. 


672 

684.:; 


15  feet  northwest  of  intersection  of  grade  crossing,  spike  in  telegraph 
pole 

15  feet  northwest  of  end  of  trestle,  nail  in  top  ci  fence  post 


Lone  narrow  island,  lower  end  of,  left  bank  of  river,  birch  tree,  nail 
in  root  of 

High  water 

Private  road  crossing,  top  of  rail 

Government  dam,  300  feet  below,  opposite  north  end  of  small  island, 
left  bank  of  river,  water  maple,  nail  on  notch 

High  water 

300  feet  north  of  rapids,  high  water 


Wancuda  Island,  0.25  mile  below  north  end  of,  left  bank  of  river, 
notch  cut  on  elm  tree,  nail  in 


North  end  of  Government  dam,  100  feet  below,  left  channel,  surface 
of  water v 


165  feet  east  of  river,  water  maple  tree,  notch  cut  in. 
Surface  of  water 


Near  north  comer  of  C.  W.  Knight's  yard,  in  top  of  limestone  8  by 
10  by  26  inches,  set  25  inches  in  ground,  bronze  tablet  marked 
"682  E.C." 


Opposite  trestle  32  H,  surface  of  water 

Old  Battle  Slough  station,  in  west  side  of  switch  stand,  spike 

Surface  of  water  (river  about  1  foot  above  ordinary  stage) 

Bridge  No.  38  M,  50  feet  south  of,  west  side  of  dump,  cross  on  stone. . 

Bridge  No.  42  M,  private  road  crossing  south  of,  top  of  rail 

Bridge  No.  50  M,  at  south  end  of,  east  side  of  track,  nail  in  cross  cut 
in  cap 

Surface  of  water i 

Private  crossing,  top  of  rail 

Surface  of  water 

Second  telegraph  pole  north  of  slough,  spike  in 

Elm  tree  on  left  bank  of  river,  nail  in  notch  cut  in 

Surface  of  water  (1.9  feet  higher  than  stage  observed  nearer  mouth) . 

Trestle  No.  60  M,  top  of  rail 

Surface  of  water 

Maxwell  station,  surface  of  water 


Maxwell,  180  feet  southwest  of  platform,  in  sandstone  post  8  by  12 
by  80  inches,  set  27  inches  in  ground,  bronze  tablet  marked 
"691  E.C." 


Trestle  No.  66  M,  Little  Belf  Slough,  surface  of  water. 


6H4.89 
680.01 

677-46 

W4 

681.4 

6{«.35 

675 

676 

681.52 

677 

681.  13 
678 

682.337 

680 

685.28 

681 

685.28 

688.41 

688.26 

683 

692.1 

685 

689.33 

689.35 

687 


688 
691 

691.196 
691 
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Elevations  on  Chippewa  River  from  Reeds  Ijanding^  Minnesoiaj  along  Chicago^  Milwaukee 

and  St.  Paul  Railroad,  to  Chippewa  FdUs,  Wis. — Continued. 


in  milcn. 

I 


10.6  I 

10.6 

11.4  ' 

I 

11.9  I 

12.3 
12.4  ' 
12.8 
13.4  j 


13.4 
14 

14 
14.4 
14.4 
14.6 

15.2 
15.9 
16.1 

16.5 
16.8 
16.8 

16.8 
17.5 


18.2 
18.2 
18.5 
18.5 


18.8 
18.8 
19.1 


West  side  of  railroad,  near  gate  at  private  road  crossing,  nail  in  top 
of  stump 

Surface  of  water  (is  about  4  feet  lower  than  low  water) 

South  end  of  trestle  No.  70  M,  15  feet  east  of  railroad,  cross  on  sand- 
stone  

Big  Beef  Slough,  150  feet  below  railroad  bridge  No.  74  M  (is  about 
3  feet  above  low  water)  surface  of  water 

505  feet  north  of  bridge,  on  west  side  of  track,  nail  in  top  of  post. . . 

Private  road  crossing,  top  of  east  rail 

Pawn's  farm,  private  road  crossing,  top  of  west  rail 

T.  24  N.,  R.  13  W.,  just  outside  of  Chicago,  Milwaukee  and  St.  Paul 
Railroad  right  of  way,  left  bank  of  river,  and  0.25  mile  due  west 
of  center  sec.  6.  in  sandstone  post  12  by  6  by  30  inches,  bronze 
tablet  marked  "733  E.C." 

Surface  of  water 

Round  Hill,  0.25  mile  below,  left  bank  of  river,  black  oak  tree,  nail  in 
notch  cut  in 

Surface  of  water 

Road  in  front  of  bam 

Surface  of  water 

Round  Hill,  north  and  south  road  crossing  on  Chicago,  Milwaukee 
and  St.  Paul  Railroad 

Road  crossing  on  east  side  of  railroad,  spike  in  signboard 

Private  road  crossing,  top  of  rail 

Durand,  100  feet  north  of  south  switch  block,  12  feet  east  of  center 
of  track,  north  end  of  sandstone,  cross 

300  feet  north  of  brewery,  east  and  west  road  crossing,  top  of  rail. 

Durand,  road  crossing  north  of  station,  top  of  rail 

Durand  County  jail  building,  water  table  at  southwest  comer  of, 
bronze  tablet  marked '*724  E.  C." 

Upper  bridge,  surface  of  water 

Durand,  north  part  of,  at  north  end  of  siding,  35  feet  northwest  of 
switch  block,  cotton  wood  tree,  notch  cut  in  root,  nail  in 

Spur  line  up  river. 

Elm  tree,  left  bank  of  river,  nail  in  notch 

Surface  of  water 

Creek  from  east,  white  oak  tree  at,  nail  in  notch  on  root 

Creek,  at  mouth,  surface  of  water  (river  is  about  2  feet  above  low 
water '^ 

Main  line  continued. 

Northwest  comer  of  trestle  No.  96  M,  nail  in  top  of  fence  post 

Surface  of  water 

Beaver  Creek,  surface  of  water 


Elevation 
in  feet. 


694.  91 
693 

701.32 

695 
711.65 
714. 61 
724.3 


732. 878 

698 

737.7 

699 

733 

699 

731.4 

740.56 

724.55 

717.54 

720.6 

724.7 

724. 361 

703 

727.23 

707.24 

705 

707.20 

706 

717.24 
711 

712 
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Elevations  on  Chippewa  River  from  Reeds  Landing ,  Minnesota,  along  ChieagOf  MUtcankee 
and  St.  Paid  Railroad,  to  Chippevxi  FaUs,  Wis. — Continued. 


Distance 
in  miles. 


19.1 
19.7 
19.7 
20.4 
20.6 
21.1 
21.2 
21.4 
22.1 
22.1 
22.4 
22.8 

23.1 

23.1 

23.3 

23.9 

24 

24.2 

24.4 

24.6 

24.6 

25.7 

25.7 

25.8 
26.4 
26.7 
26.7 
26.9 
27.1 
27.4 
27.9 
27.9 
28.8 

28.8 
29.4 
29.6 


Elevaticm 
in  feet. 


Trestle  No.  98  M,  top  of  sandstone,  at  southeast  end  of  trestle 

Trestle  No.  100  M,  southeast  comer  of,  spike  in  cap 

Surface  of  water 

Bear  Lake,  0.75  mile  north  of,  private  road  crossing,  top  of  west  rail. 

Private  road  crossing,  top  of  east  rail 

Whistle  post  for  road  crossing,  spike  in 

East  and  west  road  crossing,  top  of  west  rail 

Northwest  and  southeast  road  crossing,  top  of  west  rail 

Weber's  house,  road  crossing,  top  of  rail " 

Crossing  post,  near  bottom,  railroad  spike. 

Trestle  No.  106  M,  section  line  between  sees. top  of  rail. . 

Ked  Cedar,  0.33  mile  south  of,  T.  25  N.,  R.  12  W.,  sec.  6,  one-quarter 
comer  north  side  of,  in  ground  at  T  road  east,  sandstone  6  by  12  by 
30  inches,  bronze  tablet  marked  "755  E.  C." ,. . 

Red  Cedar,  west  part  of,  foundation  to  water  tank 

Red  Cedar,  road  crossing,  top  of  rail 

Surface  of  water 

Private  road  crossing,  top  of  rail 

Private  road  crossing,  spike  in  base  of  first  telegraph  pole  north  of. . 

Red  Cedar  Junction,  at  switch  block,  top  of  east  rail 

Red  Cedar  Junction,  surface  of  water  at  bridge 

Trestle  No.  108  M,  at  southwest  comer,  nail  in  top  of  fence  post 

Surface  of  water 

Tyrone  (abandoned  station),  750  feet  south  of,  spike  in  telegraph 
pole 

Surface  of  water 

Tyrone,  at  road  crossing,  top  of  rail 

Private  road  crossing,  top  of  rail 

Trestle  No.  1 16,  fence  post  at  southwest  comer  of,  nail  in  top  of 

Surface  of  water ^. 

Private  road  crossing,  top  of  west  rail 

Railroad  spike  in  crossing  post 

Road  crossing  (second  one  north  of  public  crossing),  top  of  rail 

Trestle  No.  118  M,  at  southeast  comer  of,  in  top  of  fence  post 

Surface  of  water 


Meridian,  T.  26  N.,  R.  12  W.,  sec.  14,  north  part  of,  at  southeast  cor- 
ner of  Tver  Brock's  residence,  in  stone  foundation,  bronze  tablet 
marked '*  740  E.C." 


Road  crossing,  top  of  rail 

Private  road  crossing,  top  of  rail , 

Trestle  No.  124  M,  at  east  end  of,  nail  in  top  of  fence  post. 


714. 55 

715. 60 

713 

733.2 

735.1 

735.62 

735.8 

737.2 

745.8 

746.52 

749.64 

755.  670 

758.36 

758.9 

721 

735.2 

731.37 

729.3 

721 

730. 45 

722 

727.97 

724 

732 

731.2 

732.96 

724 

733.24 

731.5 

732.9 

733.04 

728 

739.923 

739.2 

739.8 

738.46 


HALL  AKDl 
HOYT.      J 


CHIPPEWA    RIVER. 


107 


Elevationa  on  ChippeuxL  River  from  Reeds  Landing ^  Minnesota f  along  Chicago f  MUvxiukee 
and  St  Paul  Railroad,  to  Chippeioa  Falls,  Wis. — Continued. 


Distance 
ill  milea. 

29.6 

29.7 

30.1 

30.1 

31 

31 

32.2 

32.2 

33 

33.7 

33.7 

34.1 

34.5 

34.7 

34.9 

35.8 

35.9 


36. 
36. 
37 

37 

38. 

39. 
39. 
40. 

40. 
41. 

41. 
42. 
42. 
43 
43. 


3 
3 


1 
5 

7 

7 
3 

4 
4 
4 


Elevation 
in  feet. 


Surface  of  water 

North  and  south  road  crossing,  top  of  rail 

North  and  south  road  crossing,  cross  on  stone. 

Road  crossing,  top  of  north  rail 

Road  crossing,  spike  in  telegraph  polo 

Wagon  bridge,  surface  of  water 


South  side  of  railroad,  60  feet  west  of  lai^  spring,  cross  cut  in  sand- 
stone. 

Surface  of  water. 

Spike  in  base  of  telegraph  pole. 

Opposite  small  island,  on  highest  point  of  large  sandstone  bowlder, 
cross  cut. 

Surface  of  water 

On  bank  of  river  at  right  of  way  fence,  sandstone  bowlder,  cross  cut 
in  top  of 

Rock  Creek,  surface  of  water 

Private  road  crossing,  top  of  rail 

Trestle  No.  144,  at  northwest  comer  of,  nail  in  cross  cut  in  cap 

Caryville,  T.  26  N.,  R.  11  W.,  sec.  11,  east  part  of,  at  northwest  cor- 
ner of  postroflBce,  Strand's  general  store,  in  stone  foundation. 


r; 


bronze  tablet  marked  "  760  E.  C. " 
Road  crossing,  top  of  rail 

[Line  continued  along  highway.] 

Wagon  bridge  over  West  Creek,  in  top  of  pile  at  east  approach,  nail. . 
Surface  of  water 


East  of  small  island,  water  maple  40  feet  east  of  river,  on  left  bank, 
nail  in  root  of 


Surface  of  water 

Powell  Lake  and  Chippewa  River  roads,  75  feet  east  of  junction, 
small  double  elm  tree,  nail  in  root  of , 


Surface  of  water 

Surface  of  water 

On  left  bank  of  river,  at  east  end  of  long  log  boom,  nail  in  maple 
stump 

Surface  of  water ^ 

Coolies  Lake,  near  outlet,  B.  A.  Churchville  residence,  at  southwest 
comer  of,  in  foundation,  bronze  tablet  marked  '*  779  E.  C.  * ' 

Surface  of  water 

Porterville,  0.75  mile  south  of,  wagon  road  culvert,  nail  in  top  of  pile . 

Surface  of  water 

Old  Porter  mills,  nail  in  rootof  large  water  maple 

T  roads 


733 

739.6 

740.30 

741.7 

745.02 

739 


751.82 

741 

747.85 

753.19 

743 

754.70 

744 

752.9 

751.22 

760.144 

757.7 

753.98 

746 

749.63 

747 

756.15 

752 

752 

763.11 

755 

779. 356 

758 

763.92 

761 

764.84 

767 

iKR  115—05 8 
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Elevations  on  Chippetoa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  MUwaukte 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis. — Continued. 


Distanco 
in  miles. 


43.3 
43.8 
44.1 

44.8 

44.9 

44.9 
45.5 

45.5 
45.8 
45.8 
46.5 

46.5 
46.6 
47.6 
48.1 

48.3 

48.4 
48.7 
48.8 
48.8 


.1 

.1 
.75 
.75 

49 

49.1 
49.4 
49.4 
49.4 
49.8 


Kleration 
in  icet. 


Creek,  mouth  of,  surface  of  water.  L 

On  river  bank,  30  feet  west  of  road,  nail  in  top  of  stump 

Surface  of  water 

Charles  Bannon's  residence,  120  feet  southeast  of,  at  gate,  nail  in 
white  oak  stump 

Lower  Creek,  road  crossing  on  Chicago,  Milwaukee  and  St.  Paul 
Railroad,  top  of  rail i 

Surface  of  w^ater  (higher  than  has  been  for  2  years) 

Shawtown,  1  mile  south  of,T.  27  N.,  R.  10  W.,  sec.  36, northeast  cor- 
ner of,  in  stone  foundation  at  northwest  corner  of  Henry  Trimble's 
residence,  broi^ze  tablet  marked  '*781  E.  C' 

High  water,  in  1884 

Road  crossing 

Surface  of  water 

Shawtown,  200  feet  south  of  railroad  bridge,  spike  in  base  of  tele- 
graph pole 

Under  bridge,  surface  of  water 

Menomonie  street  crossing,  top  of  rail 

Eau  Claire,  crossing  of  Niagara  and  Seventh  street 

East  entrance  to  high  school,  first  window  to  right,  in  sill,  c\it  in 
center i 

Eau  Claire,  at  southwest  comer  of  court-house,  bronze  tablet  marked 
'*797E.  C." I 

Crossing  of  Grand  and  Oxford  avenue,  top  of  rail 

I  200  feet  south  of  railroad  bridge,  spike  in  base  of  crossing  post 

:  Center  of  railroad  bridge  over  river 

Eau  Claire  River,  mouth  of,  surface  of  water  under  bridge  (June  2) . . 

[Spur  line,  June  9,  up  Eau  Claire  River  from  Junction.    Stage  of  water  6.5 

lower.! 

Junction  of  Chippewa  and  Eau  Claire  rivers,  June  9,  foot  of  first  dam 
at  mouth  of,  on  Eau  Claire  river 


764 

767.85 

764 

771.08 

773.4 

768 

780.  H4 
777 
776.5 
769 

783.98 
769 
777.6 
781.2 

797.93 

797.473 

791 

787.33 

788.3 

770 


Head  of  same  dam 

Foot  of  second  dam 

Head  of  second  dam 

[Main  line  continued  June  2.    River  is  6.5  feet  higher  than  a  week  later.] 

Eau  Claire  court-house,  0.7  mile  north  of,  at  Chicago,  Milwaukee  and 
St.  Paul  Railroad  station,  top  of  rail 


763.5 
774 

774 

786.8 


Forrest  street  crossing  of  spur  to  paper  mill,  top  of  rail 

Elm  street  crossing,  top  of  rail 

The  Dallas  Paper  Mill  Company  dam,  foot  of,  surface  of  water 

The  Dallas  Paper  Mill  Company  dam,  head  of,  surface  of  water 

Chicago  and  Northwestern  Railroad  bridge  over  river,  south  comer 
of  east  pier,  cross  cut  on ^ 


786.05 

778.6 

780.3 

772 

793 

801. 36 
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JKlevations  on  Chippetoa  River  from  Reeda  Landing^  Minnesota^  along  Chicago,  Milwavkee 

and  St.  Paul  Railroad,  to  Chippewa  FaUa,  Wis. — Continued. 


I>istance 
in  znlleB. 


Elevation 
in  feet. 


50.6 
50.7 
50.8 

51 

51.4 

51.6 

51.9 
52 

52.6 
52.6 

53.2 
53.3 
53.5 
54.4 
54.4 
54.8 
54.8 
56.1 
56.1 
56.1 

57.3 

.0 

57.4 

58.3 
58.4 
58.4 
58.76 

59.4 

59.4 
60.5 
60.6 
61.1 
61.1 


Chicago  and  Northwestern,  at  mile  post  St.  Paul  87,  top  of  rail 

Duluth  Branch,  at  overhead  road  crossing,  top  of  rail 

Duluth  branch,  Chicago  and  Northwestern  Railroad,  on  east  side  of 
railroad,  opposite  yard-limit  post,  spike  in  base  of  telegraph  pole. 

Road  crossing,  top  of  rail 

Mile  post  1,  top  of  east  rail 

Power  house  at  crossing  of  Chicago,  Milwaukee  and  St.  Paul  and 
Chicago  and  Northwestern  railroads,  1,100  feet  south  of,  spike  in 
telegraph  pole 

Grade  crossing,  top  of  rail 

Chicago,  Milwaukee  and  St.  Paul  and  Chicago  and  Northwestern 
railroads,  grade  crossing,  top  of  rail 

Road  crossing,  top  of  west  rail 

20  feet  west  of  north  cattle  guard  to  road  crossing,  in  base  of 
fence  corner  post,  spike 

Road  crossing,  top  of  rail 

Second  pole  west  of  road  crossing,  spike  in 

Dalles  Mill  station,  road  crossing,  top  of  west  rail 

Road  crossing  on  line  between  Eau  Claire  and  Chippewa  counties 

County  line  crossing,  in  north  cattle  guard,  nail  in  top  of  fence  post. . 

East  and  west  road  crossing,  top  of  east  rail 

Surface  of  water , 

La  Fayette,  road  crossing  at  old  site  of,  top  of  west  rail 

Surface  of  water 

La  Fayette,  second  telegraph  pole  above  road  crossing  at  old  site 
of,  spike  in 

North  and  south  private  road  crossing,  spike  in  black  oak  tree 

Surface  of  water 

Road  crossing  east  and  west 

Badger  Mills,  road  crossing  just  below  north  switch  block 

Halle  Lake,  Badger  Mills,  surface  of  water 

Badger  Milk,  just  south  of  waiting  shed,  spike  in  crossing  post 

Badger  Mills,  opposite  waiting  shed,  top  of  east  rail 

Badger  Mills,  summer  hotel,  in  ground  in  lawn  of,  50  feet  due  west 
of  front  window,  sandstone  post  10  by  8  by  30  inches,  bronze 
tablet  marked  "827  E.C." 

150  feet  west  of  P.  C.  mark,  150  feet  south  of  gate,  spike  in  base  of 
telegraph  pole 

Surface  of  water 

Surface  of  water 

Trestle  No.  216,  in  sleeper  at  west  end  of,  painted  cross  on  bolt 

Gravel  Island,  crossing  post  just  below,  spike  in  base  of 

Gravel  Island,  slough,  mouth  of,  surface  of  water 


843.1 

851.8 

858.56 

871.3 

882.8 

882.09 

881.2 

880.2 

843.5 

840.09 

813.8 

807.97 

804.2 

813 

815. 18 

821.1 

793 

817.4 

794 

818. 76 

815.96 

794 

82L9 

817 

815 

818. 19 

820.2 

827.716 

831.45 

797.3 

801 

833.51 

855.19 

803 


110 


RIVER   SURVEYS    AND    PROFILES   OF   1903. 


[so.  116. 


Elevations  on  Chippewa  River  from  Reeds  Landing,  Minnesota,  along  Chicago,  MUwauku 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  Wis. — Continued. 


Diatanoe 
inmlleB. 

62.1 

62.2 

62.2 

62.8 

62.9 

62.9 

63 

63 

63.3 

63.8 

63.9 

63.9 

64.31 

64.4 

.0 

.0 

.0 

.0 

.0 

.0 

3.7 

5.5 

8 

9.2 
10.7 
13 
15.7 

15.7 
16.6 
17.9 
19.2 


ElevaticMi 
in  feet. 


Surface  of  water 

Spike  in  base  of  crossing  post 

Road  crossing,  top  of  rail 

Central  Junction,  Chicago,  Milwaukee  and  St.  Paul  Railroad  and 
Wisconsin  Central  Railroad,  switch  block  at 

East  side  of  railroad,  spike  in  base  of  telegraph  pole 

Road  crossing,  top  of  rail 


Center  of  Chicago,  Milwaukee  and  St.  Paul  Railroad  bridge,  top  of 
rail 


Surface  of  water  under  bridge 

Junction  of  Chicaco,  Milwaukee  and  St.  Paul  Railroad  and  Wiscon- 
sin Central  Railroad  (main  line),  top  of  rail 


Chippewa  Falls,  20  feet  south  of  water  tank,  spike  in  base  of  tele- 
graph pole 


Chippewa  Falls,  Taylor  street  crossing,  top  of  rail 

Chippewa  Falls,  under  bridge,  foot  of  dam,  surface  of  water 

Chippewa  Falls,  northeast  comer  of  city  buUding  containing  fire 
department  and  city  jail,  in  foundation,  bronze  tablet  marked 
"840E.C." 

Chippewa  Falls,  above  dam,  surface  of  water 


[Flying  levels  by  F.  T.  Fitch,  field  assistant,  Chippewa  Falls,  up  Chippewa 

River  to  Flambeau.] 

Highest  water  mark  on  record,  recorded  by  Chippewa  Falls  Lum- 
ber and  Boom  Company,  Sept.  10,  1884 


Second  highest  water  mark  of  Chippewa  River,  recorded  Dec.  3, 
1896. 


Highway  bridge  at  falls,  surface  of  water 

Chippewa  Falls,  surface  of  water 

Crest  of  dam  of  Chippewa  Falls  Lumber  Company,  surface  of  water. . 

Paint  Creek  Rapids,  foot  of,  north  bank  of  river,  50  feet  from  water, 
top  of  bowlder,  chiseled  square 

Yellow  River,  mouth  of,  surface  of  water 

Eagle  Rapids,  foot  of,  surface  of  water 

Eagle  Rapids,  head  of,  surface  of  water 

Surface  of  water 

Foot  of  rapids,  surface  of  water 

Jim  Falls,  east  side  of  river  at  edge  of  wat^r,  nearly  opposite  Pitch 
Hotel,  at  foot  of  rapids,  in  granite  ledge,  chiseled  square 

Surface  of  water 

Head  of  rapids,  surface  of  water 

Coltons  Rapids,  foot  of,  surface  of  water 

Coltons  Rapids,  head  of,  surface  of  water , 


805 

840.31 

842.4 

832.4 
832.9 
833.9 

834.03 
805 

840.3 

830.03 

833.7 

807 

840. 4r>8 
840 


832 

831 

804 
806 
826 
839 

844.51 

852 
854 
867 
871 
881 

902 

901 

936 

942.2 

945 
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Elevations  on  Chippewa  RiveTy  from  Reeds  LajidiTigf  MinnesoUiy  along  Chicago j  Milwaukee 
and  St.  Paul  Railroad,  to  Chippewa  Falls,  )fi«.— -Continued. 


Distance 
in  miles. 


19.2 

20.2 
22.9 
25.7 
26.9 
26.9 

27 

28 

29.5 

32.7 

33.2 

33.2 

33.2 

39.7 
43.3 

43.3 


Chas.  Richards,  near  house  occupied  by,  150  feet  south  of  road 
intersection,  at  edge  of  water,  rock,  chiseled  square 

Shaw  Creek,  400  feet  above  mouth  of,  surface  of  water 

Bob  Creek,  mouth  of,  surface  of  water 

Chevalley  Rapids,  foot  of,  surface  of  water 

Above  rapids,  surface  of  water 

Brunne  Falls,  at  boat  landing,  west  bank  of  river,  below  main  falls 
and  just  above  Chevalley  Rap;ds,  125  feet  south  of  old  house,  50 
feet  from  water,  bowlder  2  feet  square,  chiseled  square 

Brunne  Rapids,  foot  of,  surface  of  water 

Brunne  Rapids,  head  of,  surface  of  water 

Fisher  River,  mouth  of,  surface  of  water 

Holcombe,  foot  of  rapids,  surface  of  water 

Holcombe,  foot  of  dam,  surface  of  water 

Above  dam,  surface  of  water 


South  entrance  to  bridge  over  flooding  dam,  500  feet  west  of,  south 
side  of  highway,  50  &et  south  of  river,  on  bowlder  in  fence,  chis- 
eled square 


Deer  Tail  Creek,  mouth  of,  surface  of  water 

Flambeau,  post-office,  at  intersection  of  Flambeau  and  Chippewa 
rivers,  on  point  of  land,  nail  in  root  of  tree 

Junction  of  rivers,  surface  of  water 


Elevation 
In  feet. 


947.40 


954 
961 
966 

967 

993 

995 
1,004 
1,020 
1,036 

1,046.55 
1,036 

1,055.09 
1,050 
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Barnes  Shoal,  Ga.,  water  power  at 47 

Bartlett's  ferry,  Ga.,  water  power  near 72 

Bell  Creek,  Ga.,  water  power  at 81 

Bench  marks,  establishment  of 9 

Bomer,  Ga.,  survey  between  High  falls  and .       58 

Bert,  Ga.,  water  power  at  and  near 74 

Big  Bull  Slough,  Ga.,  water  power  at 72 

Big  Creek,  Ga.,  water  power  near 98 

Blairsville,  Ga.,  survey  between  Murphy 
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Buffalo  River,  Tenn.,  profile  of 11 

survey  of  and  elevations  on 10-1 2 

Bnshhead  Shoals,  Ga.,  water  power  at 67 

Caldwell,  CaiTol,  work  under  direction  of. .      19, 

24,29,36,40,83,89,94 
Cane  Creek,  Ga.,  water  power  at  and  near.  82-83 
Camesville,  Ga.,  survey  between   Lisbon 

and 39 

Catawba  River,  N.  C,  profile  of.- 14 

survey  of  and  elevations  on 13-17 

Centralhatchee  Creek.  Ga. ,  water  power  at.       67 

Charlie  Creek,  Ga. ,  water  power  near 93 

Chattahoochee,  Ga.,  survey  between  Frank- 
lin and 66 

Chattahoochee  River,  Ga.,  profiles  of 82, 67, 73 

survey  of  and  elevations  on 61-74 

Chattooga  River,  S.  C.-Ga.,  profile  of 35 

survey  of  and  elevations  on 34-39 

Cherokee  Lumber  Co.,  dam  of 81 

Cherokee  Shoals,  Qa.,  water  power  af 29 


Page. 
Chestatee,  Ga. ,  survey  between  Sautee  and .       61 

survey  between  Willow  and 76 

Chestatee  River,  (Ja.,  profile  of 76 

survey  of  and  elevations  on 76-81 

Chippewa,  Wis.,  water  power  at 99 

Chippewa  Falls,  Wis.,  gage  heights  at 101-103 
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water  power  at 99 
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on 101-108 

profile  of 108 
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Clarksville,  Ga.,  survey  between  View  and.       74 
Columbus,  Ga.,  survey  between  West  Point 

and 71 

water  power  near 72 

Connelly  Ford,  N.  C,  water  power  at 13 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrooraphic  Branch, 
Washington^  D,  (7.,  May  12,  1904- 

Sm:  I  have  the  honor  to  submit  herewith,  for  pubUcation  as  a 
water-supply  and  irrigation  paper,  a  report  on  the  water  problems 
of  Santa  Barbara,  Cal.,  transmitted  by  Mr.  J.  B.  Lippincott. 

As  the  city  and  suburbs  of  Santa  Barbara  form  one  of  the  most 
attractive  and  productive  districts  in  southern  California,  a  thorough 
knowledge  of  the  water  supply  of  the  region  is  of  the  utmost  impor- 
tance. It  is  thought  that  the  facts  brought  out  in  the  report  will 
be  of  much  interest. 

Very  respectfully,  F.  H.  Newell, 

Chief  Eifigineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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WATER  PROBLEMS  OF  SANTA  BARBARA,  CAL 


By  J.  B.  LippiNcoTT. 


INTRODUCTION. 

The  Santa  Barbara  coast  extending  from  Goleta  to  Carpinteria, 
including  the  city  and  suburbs  of  Santa  Barbara,  is  naturally  one 
of  the  most  attractive  and  productive  districts  of  southern  Cali- 
fornia.    It  is,  however,  deficient  in  water  supply. 

Desiring  a  broad  and  comprehensive  study  made  of  this  locality, 
with  a  view  to  a  solution  of  the  problems  involved,  the  city  and 
county  of  Santa  Barbara  have  requested  (1)  that  the  topographic 
work  of  the  Geological  Survey  be  extended  so  as  to  cover  this  dis- 
trict, and  (2)  that  the  hydrographic  branch  of  the  Survey  make  an 
investigation  of  the  water  problems  involved.  These  topographic 
surveys  have  now  been  made,  and  the  maps  of  the  Goleta,  Santa 
Barbara,  Santa  Ynez,  and  Mount  Pinos  quadrangles  have  been  pub- 
lished. The  Santa  Maria  quadrangle  has  been  surveyed  and  the  map 
is  now  being  engraved.  This  will  complete  the  mapping  of  the  county. 
These  topographic  maps  are  of  the  Very  greatest  assistance  and 
importance  in  determining  relative  elevations,  areas  and  elevations 
of  drainage  basins,  and  possible  tunnel  locations  through  the  Santa 
Ynez  Range. 

In  the  hydrographic  investigations  the  city  of  Santa  Barbara  has 
cooperated,  paying  one-half  of  the  expense  connected  with  the 
maintenance  of  a  gaging  station  on  Santa  Ynez  River  and  Mono 
Greek,  on  which  streams  daily  observations  have  been  made  for 
silt,  volume  of  flow,  and  mineral  impurities  of  the  water,  and  also 
approximately  25  per  cent  of  the  expense  connected  with  the  prepa- 
ration of  this  report.  This  portion  of  the  work,  therefore,  is  in  the 
nature  of  a  joint  investigation  by  the  city  of  Santa  Barbara  and 
the  Geological  Survey,  all  of  the  field  work  and  investigation  being 
done  by  the  Survey  and  a  portion  of  the  expense  being  paid  by  the 
city  of  Santa  Barbara. 
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10  WATER   PROBLEMS    OF   SANTA    BARBARA,   OAL.  [so.  lit 

T^OCATION  AND   DRAINAGE  OF  THE  DISTRICT. 

The  district  under  investigation  extends  from  Ventura  River  in 
Ventura  County  along  the  coast  as  far  as  Goleta  in  Santa  Barbara 
County,  and  more  particularly  into  the  high  mountainous  districts 
of  Ventura  and  Santa  Barbara  counties  lying  on  the  north  side  of 
the  Santa  Ynez  Range  and  including  the  drainage  basin  of  Santa 
Ynez  River  and  its  tributaries. 

The  coastal  plain  fronting  the  ocean  consists  of  a  series  of  old 
marine  beaches  and  undulating  foothills  facing  Santa  Barbara  Chan- 
nel. Views  of  this  coastal  plain  are  shown  in  PL  II.  This  district 
is  of  great  natural  beauty,  and  has  become  the  home  not  only  of 
agriculturists  and  horticulturists,  but  also  of  many  eastern  people 
who  have  sought  it  for  recreation  and  health.  It  is  one  of  the  most 
attractive  regions  in  California.  The  winds  are  mild,  those  from 
the  south  being  tempered  by  the  Pacific  Ocean,  and  those  from  the 
north  being  barred  out  by  the  Santa  Ynez  Range,  which  parallels 
the  coast,  rising  to  elevations  of  from  3,000  to  4,000  feet  and  pre- 
senting a  bold  and  attractive  background  to  the  undulating  foothill 
districts.     (See  PI.  I.) 

The  streams  flowing  from  the  southern  slope  of  this  range  are 
precipitous  and  have  short  drainage  basins  of  small  area.  This 
topography  produces  a  torrential  stream  condition  after  rains^  fol- 
lowed by  a  period  of  extreme  low  water  in  time  of  drought.  The 
range  is  formed  chiefly  of  shale  and  sandstone,  the  strike  being  par- 
allel to  the  coast  and  the  dip  nearly  vertical,  inclining  somewhat  to 
the  south.  This  geologic  formation  admits  of  a  number  of  small 
but  permanent  springs  in  the  canyons  eroded  by  the  streams,  and 
is  also  favorable  to  the  development  of  water  by  tunnels  run  at  right 
angles  to  the  line  of  strike.  Beyond  the  crests  of  the  Santa  Ynez 
Range  is  the  drainage  basin  of  Santa  Ynez  River.  A  second  range 
of  mountains,  consisting  of  the  crest  of  the  Coast  Range  and  cul- 
minating in  Mount  Pinos,  the  elevation  of  which  is  8,826  feet,  rises 
to  the  north  and  trends  parallel  to  the  Santa  Ynez  Mountains.  These 
higher  mountains  are  drained  by  streams  runnmg  in  a  southerly 
direction  and  uniting  with  Santa  Ynez  River  proper,  which  runs 
close  to  the  northerly  base  of  the  Santa  Ynez  Mountains,  flowing 
westerly  and  paralleling  the  Coast  Range.  It  has  a  total  length  of 
about  70  milfes,  with  flat  grades,  and  offers  frequent  opportunities 
for  impounding  water  in  storage  reservoirs. 

The  results  of  the  investigations  indicate  that  a  solution  of  the 
water  problem  for  the  coast  district  lies  in  impounding  the  flood 
waters  in  the  drainage  basin  of  Santa  Ynez  River  and  conveying 
them  to  Santa  Barbara  through  a  long  tunnel  beneath  the  Santa 
Ynez  Range. 
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REVIEW  OF  EARLIER  WORK  BY  OTHERS. 

It  is  here  deemed  proper  to  review  the  work  which  has  been  done 
along  this  Une  in  the  past  by  other  engineers,  both  for  the  city  of 
Santa  Barbara  and  for  the  Santa  Barbara  Water  Company.  The  first 
report  was  made  for  the  city  of  Santa  Barbara  on  October  19,  1889, 
by  George  F.  Wright,  member  American  Society  of  Civil  Engineers, 
and  at  the  time  city  engineer  of  Santa  Barbara.  The  second  report 
was  presented  on  July  2,  1896,  by  Ernest  J.  S.  Purslow,  civil  engineer 
for  the  Santa  Barbara  Water  Company.  Both  of  these  gentlemen, 
who  are  now  deceased,  were  residents  of  Santa  Barbara,  engineers 
of  distinction,  men  of  good  standing  in  the  community,  and  thoroughly 
acquainted  with  local  conditions.  In  general  their  judgment 
respecting  the  subject  here  under  consideration  is  approved  by 
the  present  writer,  both  from  personal  knowledge  of  the  locality 
and  from  observations  elsewhere.  Their  opinions  particularly  with 
reference  to  local  water  supplies  on  the  south  side  of  the  range  are 
worthy  of  acceptance,  and  it  was  not  deemed  necessary  or  advisable 
to  make  further  field  examinations  over  this  ground  which  they 
had  previously  covered  in  detail.  Because  these  reports  were  made 
a  long  time  ago  and  are  now  unfamiliar  to  many  new  residents, 
and  are  out  of  print,  it  is  considered  advisable  to  briefly  review  them. 

REPORT  OF  GEORGE  F.  WRIGHT,  1889. 
NEEDS   OF   DISTRICT. 

Mr.  Wright  states:  "I  have  endeavored  to  cover  the  whole  field 
in  my  report,  trusting  in  many  cases  to  previous  examinations  and 
surveys  made  by  myself,  aided  by  the  available  maps  of  that  portion 
of  the  territory  lying  south  of  the  summit  of  the  Coast  or  Santa  Ynez 
Range  of  mountains."  He  calls  attention  to  the  fact  that  even  at 
that  time  the  city  had  never  had  an  ample  water  supply  to  meet  its 
demands,  a  condition  which,  as  all  the  residents  of  the  district  are  well 
aware,  has  never  been  materially  changed.  He  states  further:  *^The 
immediate  necessity  demands  a  supply  of  2  million  gallons  per  day 
(equivalent  to  200  gallons  per  capita  for  10,000  persons),  which 
will  certainly  be  increased  to  3  million  gallons;  and  probably  4  mil- 
lion gallons,  per  day  before  many  years."  This  statement  was 
made  on  the  assumption  that  the  city,  with  an  ample  water  supply, 
would  have  a  vigorous  growth,  and  a  development  proportional  to 
that  of  other  towns  of  southern  CaUfomia  as  suitably  located  and 
having  adequate  supplies.  In  marked  contrast  with  this  demand, 
he  states  that  the  low-water  flow  of  Mission  Creek  (a  present  source 
of  supply)  is  reported  to  fall  as  low  as  300,000  gallons  daily  in  mid- 
summer, and  that  a  trial  test  of  the  De  la  Guerra  wells  showed  an 
average  daily  output  of  600,000  gallons  at  that  time. 
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STREAMS   SOUTH   OF   COAST   RANGE. 

A  complete  investigation  was  made  by  Wright  of  all  the  adjoining 
drainage  basins,  extending  from  Rincon  Canyon  on  the  east  tii 
Canada  Refugio  on  the  west,  during  the  summer  of  1889.  The  rain- 
fall at  Santa  Barbara  had  been  21.44  inches  during  the  preceding 
winter,  and  21.71  inches  the  winter  before  that — ^unusuaUy  good 
records,  as  the  Santa  Barbara  mean  is  only  16.78  inches.  Conse- 
quently Mr.  Wright's  figures  on  stream  flow  are  above  what  shouid 
be  accepted  as  an  average  condition.  His  table  descriptive  of  the 
streams  is  given  below.** 

Table  1. — Streams  east  of  Santa  Barbara  and  south  of  Coast  Ranffe. 


I 


Name  of  stream. 


Catch- 
ment area 
in 

m 


Distance 
ftoiiare  'romclty 
SliS"    to  mile.. 


Rincon,  proper 

Gobemador 

Caq)mteria,  including  Sutton . 

Santa  Monica , 

Panda,  including  Oil 

Ficay 

Dinsmore 

Cold  Spring 

Mission,  including  'Rattlesnake 


Total  daily  summer  flow 


8.8 
7.8 
5.3 
3.6 
3.3 
1.4 
3.0 
3.8 
5.7 


17 

16 

15 

11 

10 

8 

6 

4 

1 


Daily  flow 

in  miner's 

inches 

(1889).  b 


Remarks:  Flow  in  vom- 
er's incbea. 


5. 8  ;  June  l6, 1900:  1.5. 
29.0  , 

3.9  June  16,1900:  0.1. 
11.6 

15.5 

15.5 

11.6     July  18,1902:  3.0. 

11.6 

o«  „  /June  14,1900:  1.0. 

^-  ^   \June  17, 1900:  2.5. 


127.7 


a  During  the  last  year  the  United  States  Geological  Survey  has  made  a  detailed  top<^iaphic  ^t^i 
Bur\'ey  of  the  mountainous  district  in  the  vicinity  of  Santa  Barbara,  indicating  in  contoura  the  ans 
of  drainage  basins,  together  with  their  altitude.  These  maps  are  more  accurate  than  any  previous 
ones,  and  have  been  used  in  determining  the  drainage  areas  of  all  the  streams  deecilbed  by  Wrifdit 
that  could  be  recognized  from  his  names.  In  each  case  the  area  has  been  determined  above  tbe  potut 
where  the  stream  issues  from  the  foothills  or  mountains.  In  tbe  case  of  a  few  of  these  streams  other 
measurements  are  available  for  later  years.  These  afe  included  and  show,  particularly  for  the  year  l^^l 
a  marked  decrease  in  volume  over  that  measured  by  Wright.  The  rainf&jl  in  the  year  189»-l9a>  at 
Santa  Barbara  was  12.68  inches. 

^  A  miner's  inch  is  taken  as  equal  to  one-flf  tieth  of  a  cubic  foot  per  second,  or  a  flow  of  12,925  gaUcr.5 
per  day. 
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Table  2. — Streams  tout  of  Santa  Barbara  and  south  of  Coast  Range. 


Stream. 


Arroyo  Burro 

Maria  Ygnacia 

San  Jose , 

San  Pedro 

Arroyo  Camero 

Aimes 

Annito 

Tecolote 

A^ila 

Dos  Pueblos , 

Caflada  Verde  (Las  Varas) . 

Caflada  Llaccs 

El  Capitan 

Cafiada  del  Corral , 

Cafiada  Refugio 

Total 


Catch- 
ment in 
aquare 
miles. 


I 


5.7 
6.0 
2.7 
3.3 

4.0 

5.2 
4.5 
6.7 
2.5 
1.5 
1.5 
1.0 
2.0 


Length  in 
catch- 
ment. 


I 


2.5 
2.0 
2.5 
2.0 
2.0 
1.0 
1.5 
2.5 
2.0 
2.0 
2.0 
2.0 
1.0 
1.0 
2.0 


Distance 
from  city 
in  miles. 


2.5 

6.0 

7.0 

9.5 

10.0 

12.0 

13.0 

14.0 

15.0 

17.0 

18.0 

20.0 

22.0 

23.0 

25.0 


Daily  flow 

in  miner's 

inches. 


11.6 
«11.6 

13.6 
3.9 
3.9 
3.9 
1.9 

13.6 
5.8 

27.2 
3.9 
3.9 

11.6 
7.7 

15.4 


Remarks:  Flow  in  min- 
er's inches. 


June  17,1900:  1.5. 


July  30, 1900:  38.1. 


139.5 


a  I^aguna  Blanca  Water  Company. 

Wright  correctly  states  that  the  grades  of  these  local  streams  on 
the  south  side  of  the  mountams  are  very  steep,  affording  no  oppor- 
tunities for  the  construction  of  storage  reservoirs.  He  also  states 
that  while  it  might  be  possible  to  divert  some  of  these  storm  waters 
by  means  of  large  canals  into  basins  in  the  flat  lands  to  the  side, 
the  work  would  be  exceedingly  expensive  and  impracticable. 

The  conclusion  that  he  reaches  with  reference  to  the  streams  on 
the  south  side  of  the  Coast  Range  is  as  follows: 

I  do  not  deem  it  practicable  to  secure  an  ample  supply  of  water  for  Santa  Barbara  south 
of  the  Santa  Ynez  Range  of  mountains,  for  the  following  reasons: 

1 .  The  aggregate  daily  summer  flow  of  the  entire  watershed  from  Rincon  Creek  to  and 
including  Refugio  Creek  is  less  than  4  million  gallons  per  day. 

2.  This  flow  is  all  claimed  by  riparian  owners,  water  companies,  and  individual  water 
claims. 

3.  Storage-reservoir  sites  of  suflicient  capacity  and  elevation  do  not  exist  along  the 
streams,  if  at  all.  The  construction  of  numerous  small  reservoirs  would  increase  the 
operating  expenses  and  also  the  first  cost  of  construction. 

4.  Diverting  dams  in  the  streams  would  be  necessary  to  turn  the  winter  flow,  and  the 
conduits  leading  to  the  storage  reservoirs  would  necessarily  be  large  and  expensive. 

5.  It  is  very  doubtful  if  the  city  of  Santa  Barbara  could  establish  a  claim  on  the  waters 
of  these  streams  which  would  enable  her  to  obtain  them  through  legal  process.  Where 
it  is  possible  to  do  so,  however,  the  city  can  not  afford  to  appropriate  water  which,  if  not 
now  needed,  soon  will  be,  for  the  supply  of  the  rapidly  increasing  population  of  the  Car- 
pinteria  and  Montecito  valleys  on  the  east  and  the  Goleta  and  Dos  Pueblos  on  the  west. 
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By  J.  B.  LippiNcoTT. 


INTRODUCTION. 

The  Santa  Barbara  coast  extending  from  Goleta  to  Carpinteria, 
including  the  city  and  suburbs  of  Santa  Barbara,  is  naturally  one 
of  the  most  attractive  and  productive  districts  of  southern  Cali- 
fornia.    It  is,  however,  deficient  in  water  supply. 

Desiring  a  broad  and  comprehensive  study  made  of  this  locality, 
with  a  view  to  a  solution  of  the  problems  involved,  the  city  and 
county  of  Santa  Barbara  have  requested  (1)  that  the  topographic 
work  of  the  Geological  Survey  be  extended  so  as  to  cover  this  dis- 
trict, and  (2)  that  the  hydrographic  branch  of  the  Survey  make  an 
investigation  of  the  water  problems  involved.  These  topographic 
surveys  have  now  been  made,  and  the  maps  of  the  Goleta,  Santa 
Barbara,  Santa  Ynez,  and  Mount  Pinos  quadrangles  have  been  pub- 
lished. The  Santa  Maria  quadrangle  has  been  surveyed  and  the  map 
is  now  being  engraved.  This  will  complete  the  mapping  of  the  county. 
These  topographic  maps  are  of  the  Very  greatest  assistance  and 
importance  in  determining  relative  elevations,  areas  and  elevations 
of  drainage  basins,  and  possible  tunnel  locations  through  the  Santa 
Ynez  Range. 

In  the  hydrographic  investigations  the  city  of  Santa  Barbara  has 
cooperated,  paying  one-half  of  the  expense  connected  wdth  the 
maintenance  of  a  gaging  station  on  Santa  Ynez  River  and  Mono 
Creek,  on  which  streams  daily  observations  have  been  made  for 
silt,  volume  of  flow,  and  mineral  impurities  of  the  water,  and  also 
approximately  25  per  cent  of  the  expense  connected  with  the  prepa- 
ration of  this  report.  This  portion  of  the  work,  therefore,  is  in  the 
nature  of  a  joint  investigation  by  the  city  of  Santa  Barbara  and 
the  Geological  Survey,  all  of  the  field  work  and  investigation  being 
done  by  the  Survey  and  a  portion  of  the  expense  being  paid  by  the 
city  of  Santa  Barbara. 
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STREAMS   NORTH   OF   COAST   RANGE. 

Having  failed  to  find  an  adequate  supply  of  water  on  the  south 
side  of  the  range,  the  investigations  of  Wright  were  extended  to  the 
north  side  of  the  range,  into  the  basin  of  Santa  Ynez  River.  Surveys 
to  determine  relative  elevations  were  made,  and  detailed  reports  on 
two  reservoir  sites,  one  known  as  the  Juncal,  near  the  head  of  the 
Santa  Ynez,  and  the  other  as  the  Main  River  reservoir  site,  below 
the  mouth  of  Blue  Canyon.  A  general  view  of  the  basin  of  Santa 
Ynez  River  is  shown  in  PL  III,  B. 

From  a  study  of  the  rainfall  data  available  at  the  time  of  his 
report  Wright  concludes  that  it  will  be  necessary  to  have  a  storage 
reservoir  capable  of  holding  water  from  years  of  average  or  exces- 
sive rainfall  for  years  of  deficient  rainfall.  He  believes  that  in 
some  winters  there  will  be  little,  if  any,  storm  water  in  these  streams. 
From  April,  1876,  to  October,  1877,  inclusive,  there  was  a  period 
of  drought  of  nineteen  months  in  which  the  rainfall  was  insufficient 
to. much  more  than  supply  evaporation.  On  his  basis  of  200  gal- 
lons per  day  per  capita,  for  a  population  of  20,000,  requiring 
4  miUion  gallons  per  day,  this  would  caU  for  a  storage  of  2,280 
million  gallons,  which  is  equal  to  7,000  acre-feet  of  water,  an  acre- 
foot  being  the  volume  of  water  sufficient  to  cover  1  acre  1  foot 
deep,  or  43,560  cubic  feet. 


JUNCAL  BE8ERVOIB   SITE. 


The  Juncal  reservoir  site  was  determined  to  have  the  following 
capacities  with  the  heights  of  dam  stated: 

Table  3. — Capacities  of  Juncal  reservoir  with  various  heights  of  dam. 


Height  of  dam 
infect. 

Capacity  in  gallonB. 

Capacity  in 
acro-feet. 

200 

4,000,000,000 

12,276 

175 

2,3.52,000,000 

7,218 

150 

1,877,000,000 

5,760 

125 

1,437,000,000 

4,410 

100 

1,050,000,000 

3,222 

75 

705, 000, 000 

2,164 

50 

350, 000, 000 

1,074 

A  dam  200  feet  high  would  be  550  feet  long  on  top,  and  one 
100  feet  high  would  be  272  feet  long  on  top.  Purslow  in  his  report 
estimates  that  a  dam  at  the  Juncal  100  feet  high,  with  a  diver- 
sion conduit  to  Santa  Barbara,  would  cost  $300,000.  Tlie  area 
of  the  drainage  basin  is  given  as  23.5  square  mUes  by  both  Wright 
and  Purslow.     From  the  topographic  surveys  of  the  United  States 
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'Geological  Survey  it  is  found  that  they  were  seriously  in  error,  and 
that  there  is  but  13.4  square  miles  of  area  naturally  tributary  to 
this  reservoir  site.  This  directly  affects  the  value  of  the  Juncal  as 
a  storage  reservoir.  Wright  gives  certain  figures  showing  that,  in 
his  judgment,  the  water  supply  would  be  always  sufficient  to  meet 
the  demands  upon  this  reservoir.  At  the  time  the  reports  of  both 
Wright  and  Purslow  were  written  Uttle  available  data  existed  indi- 
cating the  flow  that  might  be  expected  from  drainage  basins  on  the 
Pacific  coast,  particularly  in  southern  California.  Estimates  were 
therefore  based  upon  observations  on  eastern  streams.     Since  that 


2,000 


30  40 

Annual  rvinfail  In  Inches. 


g  8a6ra0t9nto  Rktr  matmmk^d. 

•  Wmt  porthn  of  Fwhfmhr  wattnhod,  Son  flofao  Ctm*. 

^  8  E't§  portion  of  Pwlnoitfar  motonhod,  San  Katoo  Crook. 


o  Ammhead  Itooorooir  Oo.  matorohod. 

K 

o  King  Riaor  matorohod. 


*  o  Salt  Sprlngo  Vatht  matorohod. 
f  Abeoo  8  Pin  portion  of  Nninoutar  matorohod,  Aui  IfotM  CItmA.        o  atanklauo  Moor  matorohod. 
me  Coi/amaoa  rooorvohr  matorohod.  o  Tuolumno  Rhor  matorohod. 

jl  Smootmator   rooorooir  matorohod.  io  8an  Joaquin  Rhor  maUrohod. 

Fio.  1.— Diagram  showing  relation  of  rainfal)  to  nin-ofl  for  California  streams.    (For  description  see 

page  50.) 

time,  however,  the  United  States  Geological  Survey  has  been  meas- 
uring California  streams  and  determining  drainage  areas  and 
their  rainfall,  and  there  is  now  better  information  available  on 
this  subject.  The  whole  trend  of  these  late  stream  measurements 
has  been  to  show  that  estimates  of  run-off  for  southern  Cali- 
fornia, particularly  those  based  on  observations  on  eastern  rivers 
which  were  previously  considered  as  comparable,  give  excessive  and 
unreliable  results.  While  it  is  impossible  to  predict  accurately  what 
the  discharge  from  any  given  drainage  basin  will  be,  nevertheless, 
from  examinations  made  of  the  basin  of  the  Santa  Ynez  and  the 
application  of  average  conditions  observed  in  locaUties  somewhat 
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similar  and  of  a  mountainous  character^  it  is  possible  to  form  an* 
approximately  correct  idea  of  the  true  results.  Table  12  shows  the 
estimated  run-off  from  the  drainage  basin  of  the  Juncal  and  neigh- 
boring streams  in  detail.  From  an  extended  comparison  of  rainfall 
data  it  is  believed  by  the  writer  that  the  precipitation  on  average 
years  in  the  basin  of  the  Santa  Ynez  may  possibly  reach  22  inchft*. 
But  since  late  records  indicate  less  rainfall,  the  Santa  Barbara  mean 
of  16.78  is  used  by  the  author  as  the  basis  of  his  estimates  in  table 
12  (p.  53).  Wright  considers  that  it  will  be  over  20  inches  through- 
out the  drainage  basin,  and  Purslow  that  it  will  be  27  inches.  The 
rainfall  in  the  mountains  varies  in  the  same  ratio  for  wet  and  dry  vears 
as  the  rainfall  at  Santa  Barbara  city.  The  first  rains  are  absorbed 
by  the  ground  and  retained  in  the  soil  until  evaporated  either  from 
the  surface  or  by  the  growing  plants.  It  takes  about  9  inches  of 
rain  to  meet  these  demands,  and,  generally  speaking,  no  material 
stream  flow  will  result  from  a  winter's  rain  unless  it  exceeds  tliis 
amount,  provided  all  of  this  precipitation  does  not  occur  in  hard 
successive  storms,  in  which  event  there  would  be  run-off;  usually, 
however,  there  will  be  no  stream  flow  unless  the  winter  rain  exceeds 
9  inches.  When  these  demands  of  evaporation  are  met,  the  suc- 
ceeding storms  furnish  more  and  more  of  a  water  supply  for  the 
streams,  and  the  per  cent  of  rain  so  discharged  increases  in  a  grow- 
ing ratio. 

From  the  studies  above  referred  to,  assuming  a  rainfall  of  25 
inches  in  this  basin,  it  is  concluded  that  during  the  year  1897-98, 
when  the  rainfall  at  Santa  Barbara  amounted  to  4.99  inches,  there 
would  have  been  no  high-water  stream  flow  in  the  mountains.  In 
1898-99  there  would  have  been  available  at  the  Juncal  reservoir 
1,114  acre-feet;  in  1899-1900,  1,367  acre-feet.  This  is  a  three-3ear 
mean  of  827  acre-feet,  which  would  yield  a  supply  of  but  730,0lHi 
gallons  per  day,  evaporation  not  being  deducted.  These  figure., 
compared  with  Wright's  estimated  necessary  supply  of  4,422  acre- 
feet  annually  to  meet  future  conditions  reasonably  witliin  sight 
(20,000  people),  show  that  the  Juncal  reservoir  site  and  draina^ 
basin  would  be  inadequate  to  meet  the  demands  of  the  city  of  Santa 
Barbara.  The  conclusion  of  Wright  or  of  Purslow  that  the  Juncal 
alone  is  a  suitable  source  for  a  water  supply  for  the  city  can  not  be 
accepted,  although  it  may  be  used  properly  as  a  supplemental  reser- 
voir for  hold-over  purposes,  its  waters  being  liberated  at  such  periods 
as  may  be  necessary  to  make  up  for  deficiencies  in  reservoir  sites 
lower  on  the  stream.  In  conclusion  Mr.  Wright  makes  the  followin<r 
statement: 

I  consider  the  Santa  Ynoz  River  above  the  mouth  of  Bhie  Canyon  to  be  not  only  ui 
available  source  of  supply,  but  the  only  source  passible  for  the  future  supply  of  SujU 
Barbara  with  an  abundance  of  good  potable  water,  for  the  following  reasons: 
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1 .  Not  only  the  sources  of  the  streams  but  the  entire  river  are  uncontaininated  by  any 
of  the  organic  wastes  pertaining  to  civilization,  and  from  the  rugged  nature  of  the  country 
are  likely  to  remain  so.  The  sandstone  gathering-grounds  are  of  the  best  class  for  delivering 
water  free  from  mineral  impurities. 

2.  The  elevation  and  capacity  of  the  storage  sites  and  the  extent  of  the  catchment  insure 
an  ample  supply  of  water  in  all  seasons. 

3.  The  riparian  rights  in  that  portion  of  the  stream  sought  to  be  appropriated  are  merely 
nominal,  as  none  of  the  summer  flow  above  Blue  Canyon  ever  appears  on  the  surface  as 
far  down  as  the  San  Marcos  rancho.  The  only  riparian  owner  is  therefore  the  owner  of 
the  Los  Prietos  y  Najalayegua  rancho.'*  This  right  can  probably  be  purchased,  or  if  not, 
can  be  condemned  by  legal  process. 

i.  The  expansive  capacity  of  the  district  for  increasing  the  supply  to  meet  all  possible 
demands  is  ample  and  in  excess.  This  feature  alone,  other  things  being  equal,  should 
decide  in  favor  of  this  source  of  supply. 

5.  Storage  reservoir  sites  are  numerous  and  ample.  The  fall  of  the  stream  being  com- 
paratively light,  renders  it  practicable  to  arrest  the  entire  flow  to  the  extent  required  by 
the  demand. 

6.  The  expense  of  constnicting  a  thoroughly  eflBcient  and  permanent  system  of  works  is 
no  greater  than  would  be  the  cost  of  works  of  equal  capacity  on  the  coast  side,  and  main- 
tenance will  be  much  less. 

I  also  recommend  the  construction  of  the  works  as  a  whole.  Omitting  the  storage 
reservoir  is  simply  gambling  on  our  good  luck,  viz,  that  we  will  not  have  a  dry  season  this 
year  or  next,  and  so  on  until  we  do  get  a  dry  year,  when  it  will  be  too  late  to  save  our- 
selves from  great  discomfort  and^xissible  pecuniary  loss. 

» 

REPORT  OF  E.  J.  S.  PURSLOW,  1896. 

Mr.  Ernest  J.  S.  Purslow,  deceased,  a  civil  engineer,  living  in 
Santa  Barbara  at  the  time  and  employed  by  the  Santa  Barbara 
Water  Company,  investigated  in  1896  the  same  questions  covered 
by  Wright's  report  of  1889.  As  engineer  for  the  water  company, 
he  would  naturally  have  a  point  of  view  somewhat  different  from 
that  of  the  representative  of  the  city. 

Purslow  states  that  the  present  Santa  Barbara  Water  Company, 
which  consolidated  the  water  rights  on  Mission  Canyon  and  the  Dc  la 
Guerra  wells,  was  incorporated  in  January,  1889.  This  was  done 
in  order  to  increase  the  available  water  supply  then  obtained  from 
Mission  Creek  by  a  gravity  system  of  diversion,  and  from  tne  De  la 
Guerra  wells,  located  in  the  city  limits,  by  a  pumping  system. 

NEEDS    OF   DISTRICT. 

Purslow  says: 

The  present  water  supply  is  so  inadequate  and  incomplete  that  it  is  a  physical  impossi- 
bility for  the  city  to  increase  in  size  or  population,  or  for  the  surrounding  country  to  advance 
in  development,  until  water  is  procured  from  a  source  other  than  those  in  the  immediate 
vicinity,  which  are  now  all  used  to  their  fullest  rapacity.  The  scarcity  of  water  is  the  first 
impression  that  visitors  receive,  and  many  who  have  desired  to  make  this  their  home  have 
abandoned  the  idea  owing  to  the  gravity  of  this  drawback. 


a  On  December  22, 1903,  this  ranch  was  included  in  the  Santa  Barbara  Forest  Reserve,  lien  scrip 
having  been  issued  to  the  owners  for  it. 
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By  the  general  introduction  of  meters  and  the  most  economical  type  of  service  taps 
the  supply  of  130  gallons  should  be  ample  for  all  purposes;  at  which  rate  the  imnoediAt^ 
demand  of  the  present  population  would  be  about  1  million  gallons  per  diem.  The  to4al 
supply  at  present,  during  the  dry  months  of  a  year  with  average  rainfall,  is  about  GOO/J>J 
gallons  per  diem,  about  half  from  the  Mission  streams  and  half  from  the  De  la  Guenm  wpiki. 

Nothing  has  retarded  the  advance  of  the  city  so  much  as  the  condition  of  the  watt-r 
supply,  and  nothing  will  promote  its  future  prosperity  and  growth  as  much  tks  a  remedy 
for  this  condition.  The  present  demands  of  the  city  being  upwards  of  1  million  galktn^ 
per  diem,  a  system  could  not  be  considered  adequate  which  will  not  have  a  capacity  to 
supply  at  least  1,500,000  gallons  per  diem  as  soon  as  work  can  be  construct-ed,  witii  mean.^ 
for  subsequently  increasing  the  supply  with  the  growth  of  the  city. 

The  suburbs  of  Santa  Barbara,  and  the  land  extending  easterly  and  westerly  from  ihf 
city,  are  improved  only  to  the  extent  to  which  the  winters  of  the  small  mountain  strran'-s 
have  been  made  available,  principally  at  points  adjacent  to  and  riparian  on  these  streams. 
West  of  the  city,  where  small  quantities  of  water  are  obtained,  the  land  is  devoted  prin- 
cipally to  horticulture,  and  where  water  is  not  obtainable  it  is  used  as  grazing  and  farming 
land.    East  of  the  city  lies  the  famed  district  of  El  Montecito,  which  is  inhabited,  to  th^ 
extent  to  which  the  small  streams  can  supply  water,  by  a  class  of  people  who  for  the  m<T>t 
part  have  independent  means,  many  of  whom  have  built  substantial  and  handsome  hou.<«^ 
and  beautified  their  grounds,  and  among  whom  there  arc  enough  people  of  intellectual 
pursuits  and  tastes  to  form  a  nucleus  which  makes  it  especially  attractive  for  that  claiss  of 
people.     It  is  primarily  and  distinctively  a  residence  district.    Consisting  of  a  gputk 
slope  from  the  foothills  toward  the  channel,  broken  and  diversified  by  the  natural  water- 
coursrs,  which,  though  bereft  of  water  during  the  summer  months,  are  lined  with  nature} 
timber  growth,  backed  and  protected  on  the  north  by  the  Santa  Ynez  Mountains,  neatly 
every  spot  commanding  a  comprehensive  and  magnificent  view  of  the  channel  and  cii*.^ 
line  and  the  distant  islands,  possessing  the  most  equable  climate  in  the  world  and  even- 
thing  else  which  Almighty  God  could  give  except  plenty  of  water,  it  is  destined  to  br«*oin«' 
one  of  the  garden  spot-s  of  the  world. 

Land  which  has  water  is  sold  at  from  $500  to  $1,000  an  acre,  and  although  land  ha5 
very  little  productive  value  without  water,  such  dry  land  is  held  and  readily  sold  in  £1 
Montecito  district  at  from  $250  to  $500  an  acre.  In  spite  of  the  unprecedented  business 
depression  of  the  past  two  years,  sales  of  this  land  have  been  made  during  this  period  of 
some  40  tracts  scattered  through  this  district,  aggregating  some  670  acres,  at  an  aver^;!' 
price  of  about  $330  an  acre.  There  is  no  other  residence  district  in  California  where  priff> 
for  bare,  dry,  suburban  or  agricultural  land  have  been  so  maintained  and  sales  so  extensively 
made  during  the  past  two  years.  El  Montecito  comprises  about  4,500  acres  of  land  susc«*p- 
tible  of  irrigation,  only  a  small  fraction  of  which  is  supplied  with  water  for  more  than  donH>s- 
tic  purposes.  The  duty  of  water  here  for  full-bearing  lemon  orchards  has  been  found  to  be 
one  miner's  inch  to  10  acres  of  land  with  the  average  soil,  a  miner's  inch  being  equivak^nt 
to  a  continuous  flow  of  12,960  gallons  per  diem.  Many  lemon  orchards  have  lieen  planted 
during  the  past  two  years  on  tracts  of  land  which  have  appurtenant  to  them  such  sniail 
allowances  of  water  that  it  is  feared  that  the  trees  will  die  before  reaching  full  maturity. 
When  orchard  trees  are  young  and  small  a  very  small  quantity  of  water  suffices  to  moisten 
the  soil  immediately  surrounding  them;  but,  as  they  increase  in  size  and  their  roots  extend, 
it  is  necessary  to  use  water  enough  to  irrigate  the  whole  orchard  surface.  The  owners  of 
such  orchards  will  be  compelled  to  purchase  more  water  or  see  their  years  of  labor  end  in 
failure.  Ornamental  grounds,  vegetables,  oranges,  and  other  fruits  require  about  the  same 
quantity  of  water  as  lemons. « 


a  The  tunnel  line  from  the  lower  reservoir  sites  on  the  Santa  Ynez  (see  p.  41)  will  command  all  th^ 
lands  of  £1  Montecito  as  well  as  of  the  city  of  Santa  Barbara.  The  elevation  ol  the  south  portal 
of  the  present  city  tunnel  is  1,393  feet  above  sea  level.  The  new  tunnel  line  proposed  through  IfiasioD 
Canyon  will  be  at  an  elevation  of  1,186.46  feet  (Geological  Survey  datum). 
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POSSIBLE   SUPPLY. 

Purslow  then  proceeds  to  show  that  the  proper  and  adequate  solu- 
tion of  the  water  problem  for  Santa  Barbara  and  vicinity  consists  of 
the  storage  of  the  storm  waters  of  Santa  Ynez  River  and  their  diver- 
sion by  means  of  tunnel  lines  to  the  south  side  of  the  range.  He 
states  that  there  are  three  available  sites  for  storage  reservoirs  on 
lands  owned  by  the  water  company  on  the  Santa  Ynez — one  in  Blue 
Canyon,  which  he  afterwards  condemns  as  an  impracticable  proposi- 
tion because  of  its  expense  and  small  drainage  area;  one  on  the  main 
river  near  the  confluence"  of  the  Blue  Canyon  with  the  Santa  Ynez, 
which  he  names  the  Main  River  reservoir  site,  and  which  has  a  large 
storage  capacity;  and  a  third,  the  Juncal  reservoir  site,  near  the  head- 
waters of  the  stream. 

BLUE  CANTON  SITE. 

He  states  that  the  Blue  Canyon  site  is  located  at  an  elevation  of 
1,500  feet  above  sea  level,  with  a  drainage  area  of  only  about  8  square 
miles.  A  contour  survey  which  he  made  showed  that  a  dam  100 
feet  high  above  the  bed  of  the  gorge  would  impound  1,500  million 
gallons,  equivalent  to  4,600  acre-feet.  He  admits  that  the  local 
drainage  naturally  tributary  is  totally  inadequate  to  fill  this  reservoir. 
It  would  require  a  tunnel  10,550  feet  long  to  connect  this  reservoir  with 
the  south  side  of  the  mountains. 

MAIN  RITEB  SITE. 

In  describing  the  Main  River  reservoir  site  he  said :  "  This  is  one  of 
the  best  in  California*';  certainly  a  very  singular  statement  for  an 
engineer  to  make,  in  view  of  the  fact  that  the  width  of  the  dam  site 
on  the  bed  of  the  creek  is  427  feet.  He  says  the  drainage  area  tribu- 
tary to  the  Main  River  reservoir  site  is  150  square  miles,  ranging  in 
elevation  from  1,500  to  6,000  feet,  with  a  mean  rainfall  of  30  inches 
in  the  drainage  basins  and  a  probable  minimum  of  7  inches.  From 
the  recent  official  surveys  of  the  United  States  Geological  Survey  it 
has  been  definitely  determined  that  the  drainage  area  above  this 
reservoir  site  is  71  square  miles.  The  elevation  of  the  bed  of  the  can- 
yon at  the  Main  River  dam  site  is  1,460  feet  above  sea  level.  This 
reservoir  site  is  of  such  elevation  as  to  command  by  gravity  the  present 
city  tunnel  line,  which  may  be  extended  as  the  outlet  for  the  Mono 
reservoir  site  (see  pp.  40-41).  The  Main  River  reservoir  site  is  owned 
by  the  Santa  Barbara  Water  Company  and  is  of  some  merit.  If  a 
tunnel  is  carried  through  the  range  this  reservoir,  commanding  the 
present  city  tunnel  in  elevation,  may  ultimately  be  built,  either  by 
the  water  company  or  by  its  successors,  thus  materially  adding  to  the 
supply  for  the  district  south  of  the  mountains,  which  demands  all  the 
water  possible  to  be  obtained  from  Santa  Ynez  River. 
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JUNCAL  SITE. 


Purslow  states  that  an  observer  was  stationed  at  the  Juncal,  record- 
ing the  rainfall  and  taking  measurements  of  the  flow  of  the  stream 
during  the  "  past  winter,"  and  that  these  records  show  that  up  to  the 
date  of  writing  the  flow  available  for  storage  was  upwards  of  800  mil- 
lion gallons  (2,455  acre-feet).  This  quantity  includes  the  flow  of 
Alder  Creek  basin  (2.4  square  miles),  which  he  proposed  to  divert  into 
the  Juncal.  It  can  not  be  definitely  stated  what  space  of  time  he 
meant  to  include  within  this  period,  but  as  his  report  bears  date  July 
21,  1896,  it  is  probable  that  these  measurements  extend  from  the  Ist 
of  November,  1895,  to  say  the  1st  of  July,  1896.  The  rainfall  during 
that  winter  was  13.77  inches  at  Santa  Barbara,  and  his  conclusion  can 
not  be  accepted  that  this  record  may  be  taken  as  an  approximate 
minimum  for  streams  in  the  Santa  Ynez  Mountains,  particularly  as 
there  was  at  Santa  Barbara  in  the  month  of  January  a  precipitation 
of  6.84  inches,  which  should,  in  aU  probability,  have  yielded  a  flood 
condition  in  the  streams. 

Purslow's  surveys  of  the  capacity  of  the  Juncal  reservoir  site  practi- 
cally confirm  those  by  Wright,  already  stated.  The  site  is  one  of  con- 
siderable merit,  and  possibly  the  dam  should  be  built  ultimately  in 
connection  with  supplementing  the  storage  capacity  of  the  lower  dams. 
The  Gibraltar  reservoir  site,  below  the  Mono  on  the  trunk  stream, 
however,  offers  a  very  much  cheaper  storage  capacity  and  a  much 
larger  available  supply.  Purslow  probably  overestimates  the  under- 
flow at  the  Main  River  site. 

Purslow  proposes  using  a  riveted-steel  pressure  pipe  line  to  divert 
the  water  to  Santa  Barbara;  probably  the  life  of  this  pipe  line  would 
not  be  more  than  fifteen  years.  His  detailed  estimate  of  the  cost  is 
$300,000  to  obtain  water  from  the  Juncal.  The  dam  which  he  pro- 
poses is  to  be  100  feet  high,  with  a  storage  capacity  of  1,023  million 
gallons.  He  estimates  the  minimum  season's  supply  as  400  million 
gallons,  and  considers  an  annual  draft  of  600  million  gallons  (equal  to 
1,845  acre-feet)  as  the  amount  that  might  be  obtained  from  the 
reservoir  with  that  dam. 

It  is  here  estimated  that  the  run-off  from  the  Juncal  would  have 
been  in  minimum  years  as  follows : 

Run-off  from  Juncal  reservoir. 

Acn^feet- 

1869-70 603 

1870-71 335 

1897-98 O 

1898-99 1,114 

1899-1900 1,3CT 

It  must  be  remembeied  that  these  estimates  are  only  approximt- 
tions  based  upon  observations  on  other  streams  somewhat  similarh 
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situated  and  are  not  absolute. .  However,  they  are  believed  to  be  fair 
conclusions  from  the  best  available  data,  and,  using  them,  we  can  not 
accept  the  conclusion  that  1,845  acre-feet  of  water  could  annually 
be  withdrawn  from  this  reservoir  site.  This,  however,  does  not  con- 
demn the  site,  if  it  is  used  in  connection  with  the  lower  site  to  supple- 
ment the  supply  in  dry  years.  It  is  believed  that  ultimately  this 
reservoir  may  be  constructed  for  this  purpose,  but  it  is  not  believed 
that  it  is  wise  to  base  a  water  supply  for  the  city  of  Santa  Barbara  on 
it  alone  with  its  drainage  basin  of  but  13  square  miles. 

REPORT  OF  R.  B.  CANFIBLD,  1896. 

On  July  28,  1896,  Mr.  R.  B.  Canfield,  president  of  the  Santa  Bar- 
bara Water  Company,  made  a  report  supplemental  to  that  of  Purslow. 
Mr.  Canfield's  conclusions  are  also  of  interest  because  of  his  intimate 
and  accurate  knowledge  of  the  water  situation  near  Santa  Barbara, 
on  the  south  of  the  Santa  Ynez  Mountains.  It  must  be  remembered 
that  the  measurements  of  Wright  to  which  he  refers  were  made  in  a 
year  of  excessive  stream  flow. 

Canfield  says: 

Mr.  Wright  found  all  the  streuns  east  of  Santa  Barbara,  together  with  llfission  Creek — ^9 
streams  in  all — to  be  yielding  daily  1,650,000  gallons,  and  the  15  creeks  west  of  Mission 
Creek,  to  and  including  the  Refugio,  to  be  3rielding  daily  1,725,000  gallons,  biit  he  justly 
dismisses  the  idea  of  obtaining  the  needed  supply  from  these  sources  as  impracticable, 
partly  owing  to  the  expense  of  gathering  and  conveying  the  supply  from  so  many  points 
and  over  so  long  distances,  and  partly  owing  to  the  fact  that  all  this  water  is  claimed  by 
riparian  owners  and  individual  water  claimants  and  water  companies  organized  to  supply 
districts  adjacent  to  some  of  the  streams.  It  is  well  known  that  the  demand  for  this  water, 
especially  in  the  neighborhood  of  this  city,  is  beyond  the  capacity  of  all  the  streams  to  supply, 
and  it  is  obvious  that  the  expense  of  obtaining  water  from  these  sources  would  be  pro- 
hibitive. 

All  the  streams  (excepting  the  flow  of  the  Hot  Springs)  on  the  south  slope  of  the  range 
east  of  Mission  Creek  as  far  as  Romero  Canyon,  8  miles  distant,  were  yielding  when  meas- 
ured in  the  sunmier  of  1889  a  total  daily  flow  of  500,000  gallons,  while  the  creeks  west  of 
Mission  Canyon  to  and  including  San  Jose  Creek,  7  miles  distant,  were  yielding  a  total 
daily  flow  of  only  475,000  gallons,  notwithstanding  the  comparatively  abundant  rainfall 
of  preceding  seasons.    Even  thou^  these  were  the  minimum  quantities  to  be  obtained 
in    the  dry  season  from  these  streams  (which  is  far  from  being  the  case)  and  it  were 
possible  to  bring  them  all  to  Santa  Barbara  for  the  supply  of  the  city,  whether  by  surface 
diversion  or  by  means  of  tunnels  in  their  neighborhood,  which  would  intercept  the  supplies 
and  drain  their  channels,  it  would  not  be  desirable  to  do  so.    Santa  Barbara,  if  she  could 
&fford  the  expense  necessary  for  the  acquisition  of  these  waters,  could  not  afford  the  loss 
sh.e  would  suffer  by  the  destruction  of  the  prosperity  and  beauty  of  her  suburbs  of  Montecito 
And  Goleta.    The  prosperity  of  Santa  Barbara  depends  in  a  laige  measure  upon  that  of 
ttkc  neighboring  rural  districts,  as  does  theirs  upon  that  of  the  city.    To  the  extent  to  which 
tbe  city  deprives  the  suburbs  of  their  natural  water  supply,  it  injures  itself. 

During  the  last  spring  borings  were  made  under  the  direction  of  the  city  engineer  west 
of  the  city  in  the  hope  of  finding  considerable  underground  currents,  but  without  success. 
The  subterranean  waters  in  the  eastern  part  of  the  ctiy  are  tapped  by  the  wells  of  the 
Santa  Barbara  Water  Company  for  the  supply  of  its  pumping  plant:  but  all  efforts  to 
ot>tain  the  large  additional  supply  which  the  city  needs  from  these  and  other  sources  have 
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only  tended  to  confirm  the  soundness  of  Mr.  Wright's  conclusion  when  he  said :  "  I  ood- 
sider  Santa  Ynez  River  above  the  mouth  of  Blue  Canyon  to  be  not  only  an  available 
source  of  supply,  but  the  only  source  possible  for  the  future  supply  of  Santa  Barbara  with 
an  abundance  of  good  potable  water." 

Water  is  now  sold  in  Santa  Barbara  at  the  rate  of  about  16  cents  per  thousand  galloi^ 
to  the  city  for  street-sprinkling  purposes  (at  the  rate  of  $35,000  per  year  for  1  aecond-loat ) 
and  to  private  consumers  at  from  20  to  25  cents  per  thousand  gallons,  which  are  moderate* 
rates  as  compared  with  those  realized  in  some  other  cities  in  this  State ;  and  it  is  believi^ 
that  although  the  development  of  the  business  in  the  future  may  justify  some  reductioo  of 
rates,  an  average  rate  of  15  cents  per  thousand  gallons  at  least  can  be  calculated  upon. 
The  city  requires  for  its  immediate  needs  at  least  1 ,000,000  gallons  of  water  daily,  and  it^ 
steady  growth,  soon  to  be  accelerated  by  the  completion. of  the  railroad  to  San  Francisco, 
will  be  constantly  increasing  this  demand. 

REPORT  OP  J.  LINN  MOVER,  zgoa. 

MONO  SFFE. 

On  August  5,  1902,  Mr.  J.  Linn  Moyer,  city  engineer  of  Santa  Bar- 
bara, made  a  report  based  on  a  reconnaissance  through  portions  of 
the  drainage  basin  of  Santa  Ynez  River,  particularly  examining  a  new 
reservoir  site  suggested  by  Mr.  Frank  E.  Kellogg,  which  the  latter 
had  observed  on  Mono  Creek,  the  largest  tributary  of  the  upper  por- 
tion of  Santa  Ynez  River.  Moyer  made  a  favorable  report  on  this 
situation,  based  on  this  reconnaissance,  and  made  recommendations 
that  further  examinations  be  made.  It  was  his  judgment  that  the 
reservoir  site,  which  is  called  the  Mono  site,  was  a  good  one  and  that 
the  water  supply  available  would  be  ample  to  meet  the  necessities 
of  the  city.  Pis.  Ill,  Ay  and  IV,  A,  B,  show  views  of  the  Mono  dam 
and  reservoir  sites.     He  recommended  as  follows: 

1.  That  the  exact  elevation  of  the  dam  site  be  determined  in  order  to  ascertain  wbethrr 
or*  not  the  water  could  be  conducted  to  the  city  tunnel. 

2.  That  borings  and  excavations  be  made  on  the  dam  site  to  ascertain  the  depth  of  M 
rock  and  the  quality  of  same. 

3.  That  a  topographical  survey  be  made  of  the  reservoir  basin  in  order  to  determine  the 
height  necessary  to  construct  the  dam,  and  also  to  determine  the  amount  and  location  ti 
land  necessary  to  be  purchased. 

4.  That  an  option  be  obtained  on  the  land  necessary  to  be  purchased,  as  will  be  shown 
by  the  topographical  survey. 

5.  That  a  chemical  analysis  be  made  of  the  waters  of  Mono  Creek. 

6.  That  the  grade  of  the  present  city  tunnel  be  reduced  to  the  lowest  possible  rate. 

Moyer  found  that  a  provision  should  be  made  to  furnish  a  continu- 
ous supply  of  1  million  gallons  per  day  in  addition  to  the  present*  flow 
of  the  tunnel  in  order  to  fully  supply  the  entire  present  population  of 
the  city. 

CONCLUSIONS  DRAWN  FROM  FOREGOING  REPORTS. 

The  foregoing  reports  have  been  reviewed  in  extenso  because  doing 
so  brings  these  investigations  up  to  date  and  also  because  they  furnish 
a  proper  basis  from  which  to  start  on  the  present  investigations.    It 
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will  be  seen  that  all  of  these  distinguished  authorities,  each  one  of 
whom  was  intimately  acquainted  with  the  local  situation,  agree  on 
the  following  vital  points : 

1 .  That  the  present  supply  of  water  for  the  city  of  Santa  Barbara 
is  inadequate  and  that  unless  it  is  increased  the  material  develop- 
ment of  the  town  will  be  seriously  impeded. 

2.  That  there  is  no  adequate  water  supply  within  a  reasonable 
limit  of  the  city  of  Santa  Barbara  on  the  south  side  of  the  range  from 
which  the  city  could  be  supplied,  and  even  if  the  water  of  such  small 
streams  as  there  are  could  be  obtained  it  would  be  at  a  sacrifice  of 
existing  development. 

3.  That  it  is  feasible  and  desirable  to  obtain  an  adequate  supply  of 
water  from  the  drainage  basin  of  Santa  Ynez  River,  and  that  this  can 
be  done  at  a  profit. 

The  writer  has,  therefore,  taken  up  the  consideration  of  the  subject 
at  this  point  and  prepared  estimates  of  cost,  etc. 

POPUIiATION  AND  CONSUMPTION  OF  WATER. 

The  population  of  Santa  Barbara,  according  to  the  enumeration  of 
the  United  States  Census,  is  as  follows: 

Population  of  SarUa  Barbara. 

1870 2,889 

1880 3,460 

1890 5,864 

1900 6,587 

1905  (estimated  ) 10, 000 

1910  (estimated  ) 12, 500 

The  rate  of  growth  of  Santa  Barbara  was  most  rapid  from  1880  to 
1890,  but  it  has  always  shown  a  substantial  increase  in  population. 
Projecting  it  into  the  future  we  obtain  the  populations  for  1905  and 
1910  as  stated  above.  It  is  believed  by  the  other  engineers,  as  well 
as  the  writer,  that  the  development  of  the  city  is  largely  dependent 
upon  an  adequate  water  supply,  not  only  in  the  city  but  upon  the 
adjacent  suburban  property.  If  this  is  once  obtained  it  may  be 
expected  that  the  population  will  more  rapidly  increase.  i\jnong 
people  looking  for  future  homes,  especially  in  the  West,  the  water 
question  is  considered  one  of  prime  importance  in  the  selection  of  a 
residence.  At  present  (1903)  the  municipal  waterworks  has  some 
709  taps  through  which  water  is  served,  and  the  Santa  Barbara 
Water  Company  has  about  900,  making  a  total  of  1 ,609  taps,  serving 
a  population  of  about  8,045  persons.  The  Gates  system  supplies  50 
taps  more. 

In  May,  1902,  301  meters  of  the  municipal  waterworks  indicated 
81  gallons  per  capita  daily  consumption.     In  June,  1902,  329  meters 
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indicated  a  consumption  of  82  gallons  per  capita.     In  July,  1902,  369 
meters  indicated  a  consumption  of  75.5  gallons  per  capita  per  day. 

It  will  be  seen  that  55  per  cent  of  the  city's  services  are  metered. 
It  is  estimated  that  15  gallons  per  capita  per  day,  not  included  in  the 
above  rate,  are  used  in  public  buildings  and  in  street  sprinkling.  It 
would  probably  be  fair  to  say,  using  round  numbers,  that  the  present 
consumption  of  the  city  is  100  gallons  per  capita  per  day.  This  is  a 
rather  low  rate  of  consumption  for  a  California  city ,  and  in  all  probabil- 
ity the  city  would  use  to  advantage  more  water  if  it  were  avail- 
able at  reasonable  prices.  The  consumption  in  Los  Angeles  before 
meters  were. introduced,  in  the  summer  of  1901,  was  306  gallons  per 
capita  per  day.  After  the  introduction  of  several  thousand  meters  it 
is  now  242  gallons  per  capita  per  day.  The  water  commissioners  of 
that  city  in  their  annual  report  for  1902  estimate  that  a  reasonable 
consumption  would  be  150  gallons  per  capita  per  day  for  metered 
services.  The  city  of  San  Jose,  in  1890,  was  using  194  gallons  per 
capita  daily.  Wright,  in  his  report  to  the  city,  estimated  on  a  con- 
sumption of  200  gallons,  and  Purslow  considered  that  130  gallons 
should  be  sufficient. 

Considering  the  evidence  in  the  case,  it  is  believed  that  it  is  desir- 
able, for  the  proper  development  of  the  city,  improvements  of  lawns, 
gardens,  etc.,  that  150  gallons  daily,  as  an  average  for  the  year,  should 
be  used,  and  this  has  been  adopted  as  a  proper  basis  for  this  report. 

In  considering  the  storage  of  flood  waters  necessary  to  meet  this 
situation,  it  has  been  estimated  that  60  per  cent  of  the  water  supply 
would  be  used  in  the  six  summer  months,  and  40  per  cent  in  the 
six  winter  months.  The  question  of  evaporation  from  reservoirs 
is  an  important  one  in  estimating  on  a  storage  system.  It  is  believed 
that  the  annual  evaporation  from  reservoirs  in  the  basin  of  the 
Santa  Ynez  would  be  approximately  42  inches  in  depth,  67J  per 
cent  of  this  occurring  in  the  six  summer  months,  and  32^  per  cent 
in  the  six  winter  months.  From  a  study  of  the  monthly  rainfall 
tables  of  precipitation  occurring  at  Santa  Barbara  (see  table  11) 
it  appears  that  there  would,  in  all  probability,  have  been  no  material 
addition  to  the  waters  stored  in  any  reservoirs  in  this  locality  from 
May  1,  1876,  to  December  1,  1877,  a  period  of  nineteen  months. 
Again,  between  April  1,  1897,  and  October  1,  1898,  or  for  a  period 
of  eighteen  months,  there  would  have  been  no  material  addition. 
It  will  be  necessary,  therefore,  in  order  to  prepare  for  the  worst  condi- 
tion that  will  probably  occur  in  the  future,  as  judged  by  a  record 
of  thirty-six  years'  rainfall  in  the  past,  to  construct  reservoirs  that 
will  hold  a  supply  of  water  for  a  period  of  nineteen  months  of  con- 
tinuous withdrawal  without  replenishment. 

With  a  population  of  10,000  persons  in  1905,  reasonably  within 
sight  and  necessary  to  immediately  prepare  for,  at  150  gallons  per 
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day,  there  will  he  a  consumption  of  1,500,000  gallons  daily.  This 
amount  of  water  withdrawn  for  a  period  of  nineteen  months  will 
require  2,826  ^  acre-feet  for  actual  domestic  uses.  It  is  also  neces- 
sary to  provide  for  a  loss  by  evaporation  of  about  692  acre-feet 
(for  a  reservoir  of  this  size  for  nineteen  months),  or  a  total  of  3,518 
acre-feet  for  use  and  evaporation  during  the  worst  period  of  drought 
that  the  city  will  probably  ever  have  to  face. 

Reducing  it  to  a  monthly  withdrawal,  there  will  be  required  for 
summer  use  170  acre-feet,  for  summer  evaporation  about  45  acre- 
feet,  and  for  summer  use  and  evaporation  215  acre-feet. 

From  surveys  that  have  been  made  of  the  reservoirs,  described 
later  in  this  report,  it  appears  that  a  dam  85  feet  high  at  the  Mono 
site,  impounding  water  to  a  depth  of  75  feet,  will  give  storage  capac-  ' 
ity  for  3,880  acre-feet  of  water — enough  to  meet  the  above  needs, 
even  assuming  the  severe  conclusions  that  no  permanent  supply 
can  be  relied  upon  from  the  tunnel,  and  that  the  municipality  is 
to  furnish  all  the  water  for  the  town.  Similarly  a  dam  100  feet 
high  at  the  Gibraltar  site  (see  p.  55)  would  give  an  equal  capacity 
and  have  tributary  thereto  a  larger  and  better  water  supply. 

NEAR-BY  SUPPIilES. 

The  question  of  local  water  supply  on  the  south  side  of  the  range 
was  extensively  discussed  under  the  review  of  the  reports  of  Wright, 
Purslow,  and  Canfield.  Generally  speaking,  the  amount  now 
available  for  the  city  may  be  taken  in  average  years  as  300,000 
gallons  daily  from  Mission  Oeek,  300,000  gallons  from  the  De  la 
Guerra  wells  (statement  by  Purslow),  and  350,000  gallons  from 
the  city  tunnel,  making  950,000  gallons  to  meet  an  estimated  normal 
present  demand  of  1,200,000*  gallons,  or  a  deficit  daily  of  250,000 
gallons. 

a  One  acre-foot  is  equivalent  to  325,851  gallons. 
^On  basis  of  IfiO  gallons  per  day  for  .S,000  jiersona. 
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MISSION  CREEK. 


The  following  measurements  of  Mission  Creek  taken  at  various 
times,  as  stated,  may  be  of  interest  in  this  connection : 

Table  4. — Discharge  measurements  on  Mission  Creek. 


Date. 

1888. 
Jan.     15 

24 
Feb.  7 
Mar.  16 
July     26 

29 
1889. 
July     13 

17 

18 
1 


Hydrographer. 


A.  Poett. 

do.. 

do.. 

do.. 

do.. 

do.. 


Aug. 


Sept. 

1892. 
June    1 1 

1894. 
June    28 

1900. 
May     10 
June    17 


do 

do 

G.  F.  Wright. 

A.  Poett 

do 


do. 


Floumey. 


do. 


L.  Mover. 


Diacharae 
in  second- 
lee  t.a 

1    Gallons  per 
day. 

0.93 

605,5^4 

2.80 

18, 200, 000 

1.37 

888,  a^ 

2.23 

1,432,  aw 

.36 

233,000 

.28 

184,747 

.43 

282,609 

.36 

232. 551 

.^ 

219,672 

.21 

137,  as2 

.32 

206,821 

.  36 

.24 

.25 
.045 


232,673 
155,115 
161,600 

»29.aw 


o  One  second'foot  is  equivalent  to  SO  miner's  inches. 
b  Above  diversion  not  on  bed  rock,  200  feet  above  dam. 

Table  5. — Measurements  in  Mission  Canyon. 
[50  miner's  inche^=l  cubic  foot  per  second.] 
AT  NOTCHED  WEIR  NEAR  PORTAL  OF  PROPOSED  NEW  CITY  MISSION  TUNNEL. 


Date. 

1903. 
Aug.     14 


Time. 


Hydrographer. 


2.  30  p.  m R.  L.  North  and  J.  Compton. 


15     8.  30  a.  m. 


do. 


15     9  a.  m do. 

15     9.30  a.  m do. 

15  I  10  a.  m do. 

15     10.30a.  m ..do. 


Di9cha  rp^ 
in  ixK-h<-«. 

6.367 

9.474 

a  817 

8.817 

&6S9 

&140 

UFPWOOTT.) 


MISSION   CBEEK. 
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Table  5. — MeawremeiUs  in  Mission  Canyon — Continued. 

AT  NOTCHED  WEIR  NEAR  PORTAL  OF  PROPOSED  NEW  CITY  MISSION  TUNNElr-C't'd. 


Date. 


1903. 
Aug.  15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 


Time. 


11  a.  m 

11.30  a.  m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.  m.. 

2  p.  m 

2.30  p.  m.. 

3.  p.  m 

3.30  p.  m.. 

4  p.  m 

4.30  p.  m. . 

5  p.  m 


Hydrographer. 


R.  L.  North  and  J.  Compton 
do 


do. 


do. 
do. 


do. 


do. 
do. 


do. 


do. 
do. 
do. 
do. 


AT  OLD  MISSION  DAM. 


Discharge 
in  inches. 


7.823 
7.832 
7.242 
6.959 
6.363 
6.109 
5.600 
5.359 
5.220 
4.851 
4.851 
4.851 
5.042 


1903. 
Aug.  22 
23 
24 
24 
25 
27 


6.30  p.  m L.  M.  Hyde  and  R.  L.  North. 

9.10  a.  m I do. 


8.25  a.  m L.  M.  Hyde,  R.  L.  North,  and  G.  D.  Morrison. 

6.15  p.  m I do 

7.45  a.  m L.  M.  Hyde  and  R.  L.  North. 

7.15  a.  m 


R.  L.  North,  R.  F.  Wyckoff,  and  G.  D.  Morrison. 


AT  NOTCHED  WEIR  AS  ABOVE. 


1903. 
Aug.  27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 


8.30  a.  m. 
9  a.  m 


1  p.  m 

1.30  p.  m. 


R.  L.  North  and  R.  F.  Wyckoff. 
do 


p.  m. 


do. 


do. 


2.30  p.  m. 

3  p.  m 

3.30  p-  m. 

4  p.  m 

4.30  p.  in. 

5  p.  m 


do. 


do. 
do. 


do. 


do. 
do. 
do. 


0.909 
4.762 
8.333 
6.896 
10.000 
10.000 


9.080 
9.080 
7.070 
6.420 
5.750 
5.750 
5.410 
4.950 
4.990 
4.990 
4.810 
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Table  5. — MeaauremenU  in  Mution  Canyon — Continued. 

AT  OLD  MISSION  DAM. 


Hydrographer. 


J.  L.  Mojer,  T.  B.  Curlej,  and  D.  Boyle. 


5.320 


AT  NOTCHED  WEIR  AS  ABOVE. 


1903. 

Oct.  19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


Nov. 


8  a.  m 
8.30  a.  ra do 

9  a.  m ' do 

9.30  a.  m do 


L.  M.  Hyde  and  C.  M.  Elliott. 


12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.  m.. 

2  p.  m 

2.30  p.  m. . 

3  p.  m 

3.30  p.  m. . 

4  p.  m 

4.30  p.  m. . 

5  p.  m..... 
8.30  a.  m. . 

9  a.  m 

9.30  a.  m. . 

10  a.  m 

10.30  a.  m. 

11  a.  m 

11.30  a.  m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.  m.. 

2  p.  m 

2.30  p.  m. . 

3  p.  m 

3.30  p.  m. . 


do 

do 

do 

do.. 

do 

C.M.Elliott... 

do 

•^.  do 

do........ 

do 

do 

G.  D.  Morrison. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


10  a.  m 

: do 

10.30  a.  m 

do 

11  a.  m 

do 

11.30  a.  m 

do 

7.532 

7.356 

6.742 

6.314 

6.158 

6.003 

6.003 

5.803 

5.600 

5l317 

5.042 

4.810 

4.501 

4.5B1 

4,378 

4.255 

4.169 

4.169 

aSTO 

8.817 

a  753 

7.708 

7.416 

7.187 

6.852 

6.792 

6.579 

6.579 

6.261 

6.008 

6.003 

5.853 

5.903 

5600 


LIPPIKCOTT.] 


MISSION   OBEEK. 
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Table  5. — Meamtrementa  in  Mission  Canyon — CoDtinued. 
AT  NOTCHED  WEIR  AS  ABOVE -Continued. 


Date. 

1S03. 

Nov.  4 
4 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

Dec.  24 
24 
24 


Time. 


4  p.  m^. . .  - 
4.30  p.m.. 
8.30  a.  m. . 

0  a.  m 

9.30  a.  m. . 

10  a.  m 

10.30  a.  m. 

11  a.  m 

11.30  a.  m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.m.. 

2  p.  m 

2.30  p.  m.. 

3  p.  m.  < . . . 
3.30  p.  m. . 

4  p.  m 

4.30  p.  m.. 
S.S)  a.  m. . 

9  a.  m 

9.30  a.  m. . 

10  a.  m 

10.30  a.  ro. 


Hydrographer. 


Diacharge 
In  inches. 


Q.  D.  Morrison. 

....do 

R.  F.  Wyckoff . 

....do 

....do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

R.L.  North.... 

do 

do 

do 

do 

11  a.  m do 

11.30  a.  m do 

12  m do 

1  p.  m do 

1.30  p.  m do 

2  p.  m do 

2.30  p.  m do 

3  p.  m do 

3.30  p.  m ' do 

4  p.  m do 

4.30  p.  m do 

5  p.  m ; do 

10.30  a.  m G.  D.  Morrison. 

11  a.  m do 

I 

11.30  a.  m do 


5.750 
5.600 
8.689 
7.945 
7.299 
7.242 
6.595 
6.792 
6.687 
6.420 
6.314 
6.314 
5.853 
5.600 
5.269 
5.131 
4.950 
4.851 
4.68^ 
6.370 
6.690 
6.000 
5.900 
5.650 
5.650 
5.510 
5.510 
5.040 
4.850 
4.720 
4.680 
4.680 
4.340 
4.300 
4.130 
3.970 
7.470 
6.560 
6.370 
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Table  5. — Meagitrements  in  Mission  Canyon — Continued. 
AT  NOTCHED  WEIR  AS  ABOVE— Ckmtinued. 


Date. 

Time. 

Hydrographer. 

DiacturpF 
in  IbcIms. 

1903. 
Dec.     24 

12  m 

G.  D.  Morrison 

6.210 

24 

12.30  p.  Ill 

do 

6.160 

24 

1  p.  m 

do 

6.160 

24 

1.30  p.  ra 

do 

5.9.50 

24 

2  p.  m 

do 

5.600 

24 

2.30  p.  m 

do 

5.460 

24 

3  p.  m 

.....do : 

5.320 

24 

3.30  p.  m 

do 

5.0f« 

24 

4  p.  m 

do 

5.O40 

1904. 
Feb.    29 
Mar.     14 

11.15  a.  m 

3.30  p.  m 

L.  M.Hyde 

do 

18. 191 
16.310 

AT  OLD  MISSION  DAM. 


L.  M.  Hyde. 


!     16. 670 


Table  6. — Measurements  in  Rattlesnake  Canyon. 

AT  NOTCHED  WEIR  ABOUT  20O  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 

FOR  SANTA  BARBARA  WATER  SUPPLY. 

[50  miner's  inche9=l  cubic  foot  per  second.] 


Date. 


1903. 
Aug.  17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 


Time. 


8.30  a.  m. . 

9  a.  in 

9.30  a.  m. . 

10  a.  m 

10.30  a.  ra. 


Hydrographer. 


11  a.  m. 


11.30  a.  m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.  m.. 

2  p.  m 


R.  L.  North  and  J.  Compton. 

do 

....do 

.  ...do 

...do 


Dischar^ 
inlnchet. 


do. 


do. 
do. 
do. 
do. 
do. 
do. 


2 
2. 

9 
o 

2. 
2_ 

2. 

o 

^. 

2 
2 
2. 
2 


507 
596 
507 
216 
216 
216 
261 
261 
216 
2f>l 

2lh 

216 
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Table  6. — MeaauremerUs  in  Rattiesnake  Canyon — Continued. 

AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 

FOR  SANTA  BARBARA  WATER  SUPPLY-Continued. 


Date. 


1903 

Aug. 


Oct. 


Nov. 


7 
7 
7 
7 
7 
7 
3 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

*• 
o 

3 

3 

3 


Time. 


Hydrographer. 


2.30  p.  m R.  L.  North  and  J.  Compton. 

3  p.  in ' do 


3.30  p.  m do. 


4 


p.  m. 


do. 


4.30  p.  ra do. 


p.  in. 


do. 


3.45  p.  m '  J.  L.  Moyer,  T.  B.  Curley,  and  D.  Boyle. 

8.30  a.  m R.  L.  North 

9  a.  m do 

9.30  a.  m t .  .do. 


10  a.  m do. 

10.130  a.  ra i do. 

11  a.  m do. 

11.30  a.  in do. 

12  m do. 


12.30  p.  m do 

1  p.  in 


do. 


1.30  p.  m ' do, 

2d.  m do. 


2.30  p.  m. 


p.  m. 


do. 
do. 


3.30  p.  m doj 


p.  m. 


do. 


4.30  p.  m. 


m. 


o  p. 
9.30  a.  m. 


do. 


do. 


G.  D.  Morrison. 


10  a.  m do. 


10.30  a.  m. 
11  a.  nu... 


do. 
do. 


11.30  a.  m ' do. 


r 


12  m. 


12.30  p.  m. 
1  p.  m 


do: 


do. 


de. 


1.30  p.  m ! do. 


p.  m. 


do. 


2.30  p.  m do. 

3  p.  m do. 

3.30  p.  m do. 

4p.  m 1 do. 


DlBcharge 
in  inches. 


2.132 
2.080 
2.080 
2.080 
2.080 
2.216 
2.261 
1.772 
1.627 
1.492 
1.582 
1.471 
1.582 
1.582 
1.302 
1.448 
1.403 
1.242 
1.471 
1.302 
1.262 
1.403 
1.514 
1.448 
1.514 
1.871 
1.847 
1.897 
1.822 
1.797 
1.797 
1.746 
1.772 
1.772 
1.651 
1.746 
1.722 
1.722 
1.772 
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Table  6. — Measurements  in  Ratdesrtake  Canyon — Continued. 

AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 

FOR  SANTA  BARBARA  WATER  SUPPLY— Continued. 


Date. 


i9oa. 

Nov.  3 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 

Dec.  23 
23 
23 
23 
23 
23 


Time. 


Hydrographer. 


4.30  p.  m 

9  a.  m 

9.30  a.  m 

10  a.  ni 

10.30  a.  m 

11  a.  m 

11.30  a.  m 

12  m 

12.30  p.  m 

1  p.  m 

1.30  p.  m do 

2  p.  m do 

2.30  p.  m ' do 

3  p.  in 


G.  D.  Morrison. 
R.  F.  Wyckoff. 

....do 

....do 

....do 

....do 

....do 

....do 

..-.do.- 

....do 


do. 


3.30  p.  m do. 

4  p.  m ' do. 

4.30  p.  m do. 


8.30  a.  m 

9  a.  m 

9.30  a.  m ' do 

10  a.  m do 

10.30  a.  m ' do 

11  a.  m do 

11.30  a.  m do 

12  m do 


G.  D.  Morrison. 
....do 


12.30  p.  m.« do 


1  p.  m do. 

I 
1.30  p.  m do. 

2  p.  m ' do. 

2.30  p.  m do. 

3  p.  m I do. 

3.30  p.  Ill ' do. 

4  p.  m do. 

9  a.  m do. 

9.30  a.  m do. 

10  a.  m 1 do. 

10.30  a.  m do. 

11  a.  m ' do. 

11.30  a.  m I do. 


Diflrhnnre 
in  incfan. 


1.772 

2.3on 

2.360 
2.2r2 
2. 1«» 
2.160 
2.132 
2.132 
2.  OH) 

2.0N[i 

2.  ON) 

1.9?2 

2.  a'>i 

2.  ON) 

2.a>i 
2.aM 

2.0>^J 
2.1«0 
2-  1 10 
2.(W1 

2.  a'*  J 

2.0011 

i.av) 

1.  9.j0 
1.90(» 
1.9.T0 
1.900 

I.StO 
1.820 

1.770 
1.72(» 

1.750 
2.510 
2.510 
2,480 
2.4.S) 
2.390 

?.360 


vrs/j_i--:--\A-\  ' 


BULKHEAD  AND  DISCHARGE  PIPES   II 
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Table  6. — MeasuremerUs  in  Rattlesnake  Canyon — Continued. 

AT  NOTCHED  WEIR  ABOUT  200  FEET  UPSTREAM  FROM  WHERE  WATER  IS  DIVERTED 

FOR  SANTA  BARBARA   WATER  SUPPLY— Continued. 


1903. 
Dec.  23 
23 
23 
23 
23 
23 
23 
23 
23 

1904. 
Apr.      7 


Discharge 
in  inches. 


12m G.  D.llorrison 

12.30  p.  m do 

1  p.  m do 

1.30  p.  m do 

2  p.  m do 

2.30  p.  m do 

3  p.  m.. do 

3.30  p.  m do 

4  p.  in do 


2.360 
2.270 
2.270 
2.330 
2.360 
2.360 
2.360 
2.390 
2.450 


12.460 


DE  LA  GUERRA  WELLS. 

At  the  De  la  Guerra  pumping  station  there  are  seven  cased  wells 
from  200  to  700  feet  deep.  These  dischai^e  into  a  concrete  well  25 
feet  in  diameter  and  30  feet  deep,  having  a  capacity  of  110,160  gal- 
lons. This  well  fills  during  the  night  and  is  pumped  out  during  the 
day.  If  the  wells  are  considered  as  discharging  as  much  during  the 
day  as  they  do  during  the  night  when  the  tank  is  filling,  their  flow 
at  present  is  about  220,000  gallons  daily  and  is  (in  1903)  decreasing. 
As  the  pumps  run  more  than  twelve  hours  each  day  the  output  is  cor- 
respondingly greater.  There  is  installed  at  this  station  one  Prescott 
pump  of  IJ  miUion  gallons  nominal  capacity  and  one  Worthington 
pump  of  1  miUion  gallons  capacity  daily.  The  pumps  discharge 
directly  into  the  city  mains  and  work  against  a  pressure  head  of 
rrom  100  to  120  pounds.  Mr.  Wright  states  that  in  August,  1889, 
a  six-day  test  of  these  wells  indicated  a  capacity  of  600,000  gallons 
daily.  It  is  stated  that  these  wells  afterwards  failed  and  that  deeper 
wells  were  then  sunk,  from  which  the  present  supply  is  now  obtained. 

CITY  TUNNEL. 

In  the  month  of  January,  1896,  the  city  of  Santa  Barbara  started  a 
tunnel  for  the  development  of  water  in  sec.  36,  T.  5  N.,  R.  26  W.,  San 
Bernardino  meridian.  The  tunnel  has  been  successful  in  this  particu- 
lar and  has  been  of  inestimable  service  to  the  city  in  sustaining  it 
through  the  period  of  intense  drought  of  the  last  few  years.  The 
tunnel  is  7  feet  high  and  5  feet  wide  at  the  base.    The  elevation  of 

iRB  116  -05 — 3 
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the  portal  is  approximately  1,400  feet  above  sea  level,  and  it  was 
driven  for  the  first  4,800  feet  of  its  length  on  a  grade  of  1  foot  in  lOO. 
The  purpose  in  running  the  tunnel  at  first  was  solely  to  develop  water 
and  not  with  the  intention  of  extending  it  on  through  the  mountains. 
It  will  be  noted  from  the  table  of  discharge  that  during  its  construc- 
tion the  discharge  was  surprisingly  constant,  irrespective  of  length. 
Enough  water  is  thus  obtained  for  a  number  of  consumers,  but  not 
enough  to  supply  a  large  town  or  city.  The  amount  of  water  which 
was  extracted  from  the  mountain  was  sufficient  to  pay  for  the  cost  of 
the  excavation.  It  is  quite  possible  that  in  years  of  ordinary  rain- 
fall the  unregulated  flow  of  water  from  the  tunnel  would  have  been 
more  constant,  but  the  years  of  construction  were  ones  of  unusual 
drought.  However,  from  the  fact  that  the  water  supply  has  not  been 
materially  increased  by  lengthening  the  tunnel,  and  that  the  flow 
of  the  water  pays  for  the  cost  of  the  work,  it  has  been  a  natural  and 
logical  sequence  that  the  city  should  contemplate  the  extension  of 
this  or  some  other  tunnel  entirely  through  the  Coast  Range  into  the 
drainage  basin  of  the  Santa  Ynez  in  order  to  make  available  the 
water  of  this  large  mountainous  area.  The  tunnel  work  has  been 
carried  on  witli  intelligence,  the  power  from  the  water  coming  there- 
from being  conducted  through  pressure  pipes  and  used  for  the  run- 
ning of  drills  for  the  excavation  work. 

COST   OF   TUNNEL. 

As  a  guide  to  what  the  city  may  expect  in  the  future,  the  expense 
of  doing  this  tunnel  work  is  of  interest.  It  will  be  noted  that  there 
has  been  variation  in  the  cost,  owing  to  local  conditions  of  the  labor 
market,  etc.  The  city  has  installed  the  machinery  necessary  for 
doing  the  work,  and  the  contractor  has  furnished  the  labor  and 
material  necessary  for  its  prosecution  at  the  rate  named  in  the  table. 

Table  7. — Cost  of  labor  and  maierial  in  driving  city  tunnel. 


Distance  excavated. 


Feet. 

Oto  1,000 

1,000  to  1,146... 
1,146  to  1,202... 
1,202  to  l,276i.. 
l,276i  to  1,365}. 
l,363i  to  l,434i 
l,434i  to  1,500.. 
1,500  to  1,582... 
1,582  to  1,642... 


Price  per 
foot. 


S5.50 
7.50 
8.73 
7.58 
6.89 
8.25 
9.00 


Feet. 
1,642  to  1,750.  .. 
1,750  to  l,786i  .. 
1 ,786i  to  2,286,. . 
2,286  to  2,572  . . . 
2,572  to  3,072.  . . 
3,072  to  3,572.  . . 
3,572  to  4,072. . . . 
4,072  to  5,072. . . . 


9.00 


$13. 76 

9.30 

10.00 

10.75 

10.48 

9.17 

9.00 
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DISCHARGE   OF  TUNNEL. 

The  tunnel  is  run  in  a  sandstone  and  shale  formation  characteristic 
of  the  Coast  Range,  the  rock  being  considerably  broken  and  some- 
what stratified.  As  the  work  progresses  many  crevices  and  cavities 
in  the  rock  filled  with  water,  probably  from  rainfall,  are  found,  and  as 
the  tunnel  cuts  the  various  lines  of  cleavage  these  underground  reser- 
voirs are  tapped.  The  actual  rock  is  not  of  a  very  porous  nature  and 
in  itself  does  not  yield  much  water,  but  it  is  beUeved  that  these  cavities 
will  be  refilled,  at  least  in  part,  by  subsequent  rains  and  that  a  material 
amount  of  water  can  be  permanently  withdrawn  from  the  tunnel.  If 
the  city  does  obtain  a  supply  therefrom  permanently  there  will  be 
just  that  much  more  water  at  its  disposal,  and  there  certainly  is  a 
market  for  it  all,  either  in  the  city  or  on  adjoining  agricultural  lands. 

The  water  is  led  from  the  tunnel  to  two  city  reservoirs,  each  with  a 
capacity  of  1,600,000  gallons,  situated  at  an  elevation  of  350  feet 
above  the  city  datum  plane. 

The  power  now  available  at  the  tunnel  for  driving  the  drills  and 
blowers  is  inadequate  for  its  continuation.  Generally  speaking,  it 
requires  from  10  to  12  horsepower  to  i*un  each  air  drill,  not  including 
the  power  for  the  blowers  for  ventilation. 

In  order  to  regulate  the  flow  of  water  from  this  tunnel  after  the  last 
contract  was  finished,  to  the  5,000-foot  point  from  the  heading,  a  bulk- 
head was  designed  by  the  author  and  placed  in  the  tunnel  about  800 
feet  from  the  portal.  During  the  winter  of  1902-3  there  was  a  fair 
amount  of  rainfall  and  the  streams  were  capable  during  that  time  of 
meeting  the  demands  of  the  city.  As  soon  as  the  bulkhead  could  be 
closed  this  was  done — about  July  1 ,  1903. 

Because  of  the  fissured  condition  of  the  rock  in  the  tunnel,it  was  not 
feasible  at  the  point  where  the  bulkhead  was  first  placed  to  com- 
pletely close  the  supply  from  the  heading,  as  springs  occurred  below 
the  bulkhead  toward  the  portal,  flowing  in  considerable  volume. 
However,  the  pressure  ran  up  to  49  pounds  to  the  square  inch  on 
July  25,  as  recorded  by  the  pressure  gage  placed  in  the  discharge 
pipe,  indicating  an  accumulated  head  of  water  back  of  the  bulkhead 
of  1 14  feet.  This  shows  that  the  tunnel  was  developed  into  a  storage 
reservoir.  The  gate  valve  in  the  bulkhead  was  gradually  opened  as 
the.  season  progessed,  and  the  supply  maintained  a  flow  of  from  24  to 
33  miner's  inches  during  the  remainder  of  the  summer.  On  October 
17,  w^hen  the  valve  was  completely  opened  and  the  pressure  had  been 
reduced  to  zero,  the  flow  had  fallen  to  24  miner's  inches.  This  was 
sixfficient  to  carry  the  city  through  the  summer  successfully. 

During  the  winter  of  1903-4  a  new  bulkhead  was  placed  at  a 
point  in  the  tunnel  where  a  heavy  clay  seam  occurs  in  the  rock.  This 
new  bulkhead  was  more  effective  than  the  first  one  constructed  in 
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holding  back  the  water.  It  is  hoped  that  this  will  form  an  impervious 
barrier  against  the  passage  of  the  ground  water,  thus  enabling  the 
tunnel  to  accumulate  a  high  head  of  water." 

Table  8a  shows  the  variation  in  volume  discharged  from  the 
tunnel,  as  well  as  the  pressure  in  pounds  per  square  inch,  as  the  season 
advances. 

Table  8. — Flow  of  water  from  city  tunnel. 


Date. 


Length  of 

tunnel  in 

feet. 


1900.  I 

May  1 f  2,952 

July  26 3,078 

August  1 1  3,103 

October  27 3,267 

November  4 1  3,280 


1901. 


January  9. . . 
February  1.. 
February  28. 

April  1 

May  1 

June  1 

July  1 

August  1 


1902. 


February  4. . 

• 

March  4 

March  31 

April  29 

June  7 

July  25 

August  4 

September  2. 
December  1. 


3,393 
3,448 
3,561 
3,614 
3,680 
3,740 
3,792 
3,865 

4,182 
4,256 
4,309 
4,367 
4,509 
4,560 
4,578 
4,647 
4,832 


Flow  in 
miner's 
inches.^ 


25.00 
19.00 
19.00 
20:00 
25.00 

38.00 
50.00 
63.33 
55.00 
45.00 
45.00 
^35.00 
30.00 

30.00 
30.00 
33.00 
30.00 
24.00 
25.50 
27.75 
30.30 
30.00 


FlowiD 

gallooa  per 

day. 


323. 12.5 
345, 57o 
245, 575 
258,500 

»,12.5 


491,  IdO 

646,230 
818,583 
710,  S7n 
581,625 
581,625 
452, 37.=i 
387,  Tfi) 

387.750 
387, 750 
426,  S.T 
387,730 
310,300 
329, 58^ 
358,669 
391. 62> 
387. 75r 


0  24.^  inches  of  rain  fell  at  Montedto  between  September  34, 1904,  and  March  3, 1905, 
sure  on  the  tunnel  bulkhead  had  increased  to  80  pounds  per  square  inch. 
b&O  miner's  inches  are  equivalent  to  1  second-foot,  and  l  miner's  inch  to  12,925  gallons 
c  Estimated. 


and  the  pres 
per  day. 
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TOTAL  NEAR-BY  SUPPLY. 

Reviewing  these  measurements  we  have  a  probable  summer 
minimum  water  supply  available  for  the  city  from  local  sources 
approximately  as  follows: 

Local  water  sujyply  of  Santa  Barbara. 

Gals,  per  day. 

Minimum  from  Mission  Creek 100, 000 

Minimum  from  De  la  Guerra,  wells 300, 000 

Bfinimum  from  city  tunnel 300, 000 

Total...! 700,000 

as  against  an  estimated  normal  summer  demand  of  1,200,000^  gal- 
lons per  day,  or  an  estimated  normal  deficit  daily  of  500,000  gallons. 
There  is  not  as  much  water  now  being  used  in  the  city  for  beauti- 
fying lawns  and  gardens  as  would  be  so  applied  if  a  more  abundant 
supply  were  available.  From  the  above  it  is  evident  that  the  city 
should  take  immediate  steps  toward  increasing  its  water  supply. 

DISTANT  SUPPIilES. 

EXTENSION  OF  CITY  TUNNEL. 

With  a  view  to  the  extension  of  the  present  city  tunnel  through 
the  Santa  Ynez  Range  to  tap  the  waters  of  Santa  Ynez  River,  a 
system  of  triangulation  was  carried  across  the  mountains  from  Santa 
Barbara  to  the  Mono  reservoir  site  by  Homer  HamUn  and  W.  B. 
Clapp,  of  the  Geological  Survey.  The  base  line  of  this  system  was 
measured  on  State  street,  Santa  Barbara,  between  Boulevard  and 
Pedregosa  streets,  and  the  most  northerly  point  was  the  high  peaks 
south  of  the  Mono  reservoir  site.  The  base  line,  which  was  care- 
fully measured  with  a  300-foot  steel  tape  under  a  uniform  tension 
of  25  pounds  and  corrected  for  temperature,  was  9,753.7  feet  long. 
The  angles  were  measured  with  a  Berger  transit  No.  lb,  circles  6} 
inches  in  diameter.  Eleven  principal  triangulation  stations  and 
5  secondary  stations  were  occupied,  the  secondary  triangulation 
being  necessary  to  reach  the  south  portal  of  the  present  city  tun- 
nel, which  is  situated  in  a  deep  canyon.  Angles  were  repeated  three 
times  and  measured  in  six  sets  of  two  each.  The  triangles  closed 
for  angles  within  O""  0'  0"  to  0°  0'  10".  The  angle  adjustments  were 
made  by  distributing  the  difference  proportionally  as  probable 
error  due  to  weather  conditions.  The  traverse  of  the  outside  bound- 
ary of  the  triangulation  system  closed  as  follows:  N.,  45,343.66;  S., 
45,343.63;  E.,  28,397.22;  W.,  28,397.15. 


a  On  baaifl  of  ISO  gallons  per  day  lor  8,000  penonB. 
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The  north  portal  of  the  extended  tunnel,  as  projected,  was  fixed 
by  a  station  on  the  cliff  on  the  south  side  of  Santa  Ynez  River. 
The  north  portal  bears  N.  26°  38'  18"  E.,  and  is  18,842.06  feet  distant 
from  the  south  portal  of  the  present  city  tunnel.  This  tunnel  was 
4,895  feet  long  on  January  26,  and  if  an  angle  is  made  in  it  at  5,960 
feet  it  will  be  necessary  to  drive  15,006  feet  to  reach  Santa  Ynez 
River  and  finish  the  work.  By  doing  so  a  saving  of  1,475  feet  will 
be  made;  otherwise  the  tunnel  must  have  a  length  of  21,376  feet 
to  get  through  the  range.  It  is  probable,  however,  that  a  still  more 
favorable  location  may  be  foimd. 

From"  the  surveys  that  have  been  made  during  the  last  season 
in  the  drainage  basin  of  Santa  Ynez  River,  the  elevation  of  the  south 
portal  of  the  city  tunnel  in  Cold  Spring  Canyon  was  taken  at  1,393.06 
feet;  the  rise  on  grade  from  the  portal  to  station  48,  at  the  projected 
north  portal,  is  49.02  feet.  The  total  length  of  excavation  necessary 
to  complete  this  tunnel  through  the  range  is  15,066  feet.  At  a 
,  grade  of  0.1  per  cent  this  will  require  15  feet  more  to  be  consumed 
in  tunnel  grade,  making  the  elevation  of  the  north  portal  of  the 
tunnel  1,457.18  feet.  The  elevation  of  Santa  Ynez  River  bed  op- 
posite is  1,425  feet.  The  necessary  grade  to  be  consumed  from  the 
north  portal  of  the  tunnel  to  the  Mono  reservoir  site  would  be  about 
4  feet,  making  the  elevation  of  the  grade  at- the  Mono  reservoir  site 
1,461.18  feet.  The  elevation  of  the  bed  of  the  creek  at  the  Mono 
site  is  1,440  feet,  so  that  the  conduit  grade  woidd  be  21.18  feet  above 
the  bed  of  the  creek  at  that  point,  but  the  capacity  of  the  lower  por- 
tion of  a  reservoir  site  is  always  very  small,  and  there  would  be  a 
loss  of  but  1  per  cent  in  the  capacity  of  a  100-foot  dam  at  the  Mono 
with  the  elevations  given. 

CONSTRUCTION  OF  NEW  TUNNEL. 

In  the  old  city  tunnel  in  Cold  Spring  Canyon  several  angles  occur 
in  the  alignment.  The  grade  of  the  tunnel  is  also  not  satisfactory, 
in  that  it  is  too  high  to  reach  the  bed  of  the  stream  at  the  mouth 
of  the  Mono  at  the  elevation  of  the  creek.  While  the  old  city  tunnel 
could  be  used  in  this  regard,  it  is  not  considered  the  best  site  for  a 
tunnel,  in  view  of  subsequent  surveys  and  investigations.  More- 
over, the  old  tunnel  is  delivering  a  very  substantial  water  supply 
under  existing  conditions,  particularly  since  being  regulated  by  the 
bulkhead  described  above,  and  as  a  new  tunnel  can  be  obtained  at  a 
satisfactory  elevation,  which  will  develop  a  new  water  supply  and 
in  addition  command  certain  reservoir  sites  on  lower  portions  of 
the  stream  below  the  mouth  of  the  Mono,  it  is  desirable  to  adopt 
the  second  location.  After  the  first  investigations  made  in  the 
basin  of  Santa  Ynez  River,  which  included  the  survey  of  the  Mono 
reservoir  site^  the  Main  River  reservoir  site,  and  an  inspection  of 
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sites  higher  on  the  stream,  a  much  better  site  situated  on  the  main 
stream  below  the  mouth  of  the  Mono  was  found.  This  is  called 
the  Gibraltar  reservoir  site  and  is  described  more  fully  below. 

The  capacity  of  the  Gibraltar  reservoir  so  not  quite  so  great  as 
that  of  the  Mono,  but  is  very  satisfactory,  while  the  dam  site  is  very 
much  better,  and  the  tributary  drainage  area  a  great  df  al  lai^er, 
including  not  only  that  of  the  Mono,  but  also  that  of  the  Santa  Ynez 
above  the  Mono,  and  17  square  miles  of  Main  Canyon  belo^'.  For 
the  season  of  1902-3  the  measured  flow  at  the  Mono  dam  site  was 
8,934  acre-feet,  at  the  Santa  Ynez  above  the  Mono  9,898  acre-feei. 
and  for  the  Santa  Ynez  at  the  Gibraltar  reservoir  site  21,202  acre- 
feet.  As  the  water  supply  is  the  most  essential  feature  of  the 
entire  enterprise,  no  hesitation  is  felt  in  recommending  that  the 
tunnel  line  which  is  to  be  run  through  the  range  should  be  made 
to  command  the  Gibraltar  reservoir  site.  This  would  be  inipossible 
with  the  old  city  tunnel,  on  account  of  its  high  elevation  in  Cold 
Spring  Canyon.  Moreover,  the  combined  cost  of  the  Gibrahar 
dam  and  of  a  tunnel  to  it  from  Mission  Canyon  is  less  than  the  com- 
bined cost  for  completing  the  old  city  tunnel  and  building  the  Mono 
dam. 

For  the  reasons  given  above,  the  triangulation  which  had  been 
made  for  the  old  city  tunnel  was  extended  so  as  to  cover  the  site  of 
a  possible  new  tunnel  line  from  Mission  Canyon  to  the  Gibraltar 
dam  site,  which  would  be  19,560  feet  long  and  would  run  through  the 
same  general  formation  at  right  angles  to  the  line  of  the  strike  of  the 
rock,  passing  under  portions  of  Mission  Creek. 

AGREEMENT  WITH  WATER  COMPANY. 

An  agreement  was  made  with  the  Santa  Barbara  Water  Company 
for  rights  of  way  for  this  new  tunnel  line.  This  company  has  for 
years  been  acquiring  lands  along  Mission  Canyon  in  order  to  prote<  t 
its  water  supply,  which  comes  mostly  therefrom.  The  company  nat- 
urally felt  that  the  running  of  the  tunnel  beneath  Mission  Creek  might 
affect  its  supply  of  water  from  the  creek  and  insisted  on  bein-: 
secured  against  such  a  contingency.  In  consequence  the  Santa  Bar- 
bara water  commissioners  entered  into  a  contract  with  the  company 
by  which  the  city  agrees  to  maintain  the  supply  of  the  company  at  1-1 
inches  from  July  1  to  December  31  and  at  22  inches  from  Januar}'  1 
to  June  30,  supplying  the  water  from  the  tunnel  in  case  it  is  noi 
flowing  naturally  in  the  creek,  provided  that  amount  can  be  supplieni 
from  the  tunnel  alone  and  irrespective  of  water  subsequently  obtaintnj 
from  storage  reservoirs.  In  return  the  Santa  Barbara  Water  Com- 
pany gives  the  city  rights  of  way  over  all  its  lands  for  wagon 
roads,  tunnels,  pipe  lines,  etc.,  and  agrees  not  to  run  any  tunnels  <'n 
its  lands  in  the  vicinity  of  the  city  tunnel.     This  contract  is  fully 
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justified  by  the  physical  conditions  encountered  in  the  water  devel- 
opment. Moreover,  the  water  delivered  to  the  water  company  will 
be  used  in  any  event  in  the  immediate  vicinity  of  Santa  Barbara  or 
for  the  beautifying  and  improvement  of  the  town. 

A  section  of  the  proposed  new  tunnel  is  shown  in  figs.  16  and  17 
(pp.  91,  92),  the  timbered  section  being  used  only  where  necessary 
and  the  rock  section  being  the  prevailing  type  for  the  tunnel. 

CONTRACT    FOR    CONSTRUCTION. 

The  ivork  of  driving  the  tunnel  was  divided  into  two  parts,  a 
southern  portion  of  the  tunnel  to  be  1 1 ,000  feet  long  and  constructed 
from  the  south  portal,  and  a  northern  portion  to  be  8,560  feet  long 
and  constructed  from  the  north  portal.  Bids  were  caUed  for  and 
received,  and  the  contracts  awarded  to  F.  J.  Smith  and  E.  J.  Hunt,  of 
Santa  Barbara,  for  the  south  part,  and  to  Robert  Beyrle,  of  Los 
Angeles,  for  the  north  part.     The  prices  were  as  follows: 

SuceeMJxd  hids  for  new  Santa  Barbara  tunnel. 


South 
dlvlBion. 


I  *or  cubic  yard  of  excavation $8. 00 


North 
divifllon. 


$9.00 


Overhaul  per  cubic  yard  per  100  feet  (free  haul  l>eing  .500  feet) .  02  ,.       .  01 J 

Timbers  in  plac«  (per  M  feet,  B.  M.) 35.00       45.00 


The  total  cost  of  the  southern  portion  of  the  tunnel  under  the  con- 
tract will  be'$109,125,  and  for  the  northern  portion  $90,267,  a  total 
of  $199,392  for  the  entire  tunnel.  The  estimate  of  the  author,  as  con- 
sulting engineer  for  the  work,  was  19,560  feet  of  tunnel  at  $10  a  foot, 
$195,600,  plus  10  per  cent  for  contingencies,  or  a  total  of  $215,160. 
An  additional  allowance  was  made  of  5  per  cent  for  engineering 
expenses. 

The  yardage  excavated  in  the  tunnel  is  to  be  limited  by  the  quan- 
tity shown  on  the  section.  After  the  completion  of  the  work  the  con- 
tractor is  required  to  leave  his  track  in  the  tunnel  for  the  purpose 
of  hauling  cement  through  it  /or  the  construction  of  the  dam  on 
Santa  Ynez  River,  thus  avoiding  a  wagon  haul  over  the  high  moun- 
tains.    The  contracts  were  let  in  February,  1904. 

VENTURA    RIVER. 

From  an  examination  of  the  topographic  maps  of  the  Geological 
Survey,  which  have  been  recently  prepared  and  which  are  of  inesti- 
mable value  in  a  general  consideration  of  this  subject,  it  was  found 
that  it  would  be  possible  by  a  gravity  line  to  divert  the  headwaters^ 
of  Ventura  River  from  a  point  near  the  junction  of  the  main  and 
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north  forks  of  Matilija  Creek  by  gravity  through  Casitas  Pass  to 
Santa  Barbara.  A  reconnaissance  was  made  of  this  country,  &nd  a 
number  of  water  measurements  were  made  throughout  the  length  of 
Ventura  River.  A  month  of  minimum  flow  was  selected  as  the  proper 
time  at  which  to  make  these  determinations,  as  the  minimum  is  the 
controlUng  condition  in  all  questions  involving  water  supply.  There 
was  a  rainfall  at  Santa  Barbara  for  the  seasons  of  1901-1902  of  14.06 
inches.  The  stream  flow  during  this  season,  however,  was  below 
normal. 

Table  9. — Flow  meaeuremerUs  on  Ventura  River  and  tribuiane*. 


19Q2. 


Sept.    25 
25 


25 
25 
25 
25 


26 
26 


26 


At  Matilija,  above  North  Fork 
North  Fork  at  mouth 

Total,  all  diverted 

River  bed  dry  from  Matilija  School  to  near  Coyote  Creek. 

Below  Coyote  Creek  and  below  Domestic  diversion 

Head  Domestic  system's  lower  ditch 

Head  Domestic  system's  upper  ditch 

Total  Ventura  River  below  and  near  Coyote  Creek 

Head  of  power  ditch,  below  Domestic  diversions 

River  bed  above  and  near  power  house 

Total 


120 


14 

1S5 

62 


261 


75 

8 


83 


Domestic  ditch  above  and  near  reservoir. 


222 


WATER   AVAILABLE. 

It  will  be  noted  that  all  of  the  water  of  MatUija  Creek  at  the 
point  from  which  a  gravity  line  could  be  started  to  Santa  Barbara 
is  diverted  and  now  in  use,  and  consequently  there  was  on  that  date 
no  supply  available  for  Santa  Barbara  at  this  point.  In  addition 
to  this,  the  intervening  topography  is  rugged  and  the  distance  would 
be  very  great,  rendering  it  impracticable  from  a  commercial  stand- 
point to  obtain  a  supply  from  this  source. 

It  will  also  be  noted  that  there  were  75  inches  of  water  diverted 
into  the  power  ditch  of  the  Ventura  waterworks,  which  runs  from 
a  point  approximately  4  nules  north  of  Ventura  to  a  point  approxi- 
mately IJ  miles  north  of  this  city,  and  that  there  were  8  inches  of 
water  above  the  point  where  tliis  power  ditch  would  dischai^e  into 
the  river,  making  a  total  of  83  inches  in  the  lower  portion  of  the 
river  that  was  not  diverted  for  domestic  uses.  During  the  daytime, 
at  the  time  of  the  inspection,  all  this  75  inches  of  water  was  being 
used  for  irrigation,  leaving  but  8  inches  of  water  in  Ventura  River 
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available  for  surface  diversion.  Information^  however,  was  given 
that  a  portion  of  the  water  diverted  through  the  domestic  conduits 
during  the  daytime  is  accumulated  in  a  certain  domestic  reservoir, 
and  that  at  nighttime,  from  11  p.  m.  until  6  a.  m.,  a  discharge  of 
280  miner's  inches  from  this  reservoir  ordinarily  takes  place  through 
the  power  house  for  the  purpose  of  developing  power  and  is  wasted 
into  the  river.  This  is  equivalent  to  a  continuous  flow  of  82  miner's 
inches.  This  water  wasted  into  the  sea,  taken  in  connection  with 
the  8  inches  flowing  in  the  stream  bed  above  the  power  house,  makes 
a  total  of  90  miner's  inches  of  water,  which  at  this  time,  admitted 
to  be  one  of  drought,  might  be  considered  as  wasted  water  and  avail- 
able for  sale  or  disposal  by  the  Ventura  Water,  Light,  and  Power 
Company.  In  addition  to  this,  it  is  stated  that  the  75  inches  of 
water  diverted  through  the  power  ditch  is  not  permanently  sold  for 
irrigation  purposes,  but  is  used  by  irrigators  by  sufferance  on  the 
part  of  the  water  company,  and  that  the  Ventura  Water,  Light,  and 
Power  Company  could  sell  it  to  the  city  of  Santa  Barbara  if  it  so 
desired.  There  thus  might  be  made  available  from  the  lower  por- 
tion of  Ventura  River  a  low-water  supply  of  165  miner's  inches 
(2,145,000  gallons  per  day),  provided  all  the  above  assumptions  are 
correct. 

The  statement  was  made  that  there  is  practically  a  continuous 
use  of  the  30  inches  of  water  from  the  power  ditch  during  the  day- 
time for  irrigation,  which  might  reduce  these  figures  to  135  miner's 
inches  (1,750,000  gallons  daily).  This  is  an  unusually  large  amount 
of  water  to  be  available  for  disposal  along  this  coast,  and  it  was 
considered  to  be  sufficient  to  justify  a  further  investigation,  to  deter- 
mine the  cost  of  its  delivery  to  Santa  Barbara. 

The  elevation  at  which  this  water  could  be  obtained  is  prac- 
tically 50  feet  above  sea  level,  and  it  would,  therefore,  have  to  be 
pumped  to  Santa  Barbara  through  a  long  force  main,  laid  possibly 
on  the  railroad  right  of  way,  for  an  aggregate  distance  of  26.2  miles. 
There  is  quite  favorable  opportunity  of  obtaining  cheap  fuel  along 
this  line,  and  a  pumping  station  might  be  erected  at  the  intake  and 
a  sufficient  head  generated  to  force  the  water  through  the  pipe  Une, 
delivering  it  to  the  city  of  Santa  Barbara  at  the  foot  of  State  street 
without  pressure,  in  order  to  avoid  the  expense  of  a  long  pipe  line 
designed  to  withstand  high  heads.  At  this  point  it  would  be  picked 
up  by  a  second  pumping  plant  and  forced  to  the  high  levels  of  the 
city.  No  legal  examination  of  title  was  made  as  to  the  ownership 
of  this  water. 

COST   OF   PIPING   AND   PUMPING. 

It  may  be  assumed,  therefore,  for  the  sake  of  estimating,  that 
there  is  available  from  the  lower  Ventura  River  a  supply  of  water 
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sufficient  to  furnish  1,500,000  gallons  daily,  adequate  for  10,000 
people  using  150  gallons  per  capita  each  day.  This  is  equa.1  to  2.31' 
cubic  feet  per  second,  or  116  miner's  inches  of  water.  This  w^at-er 
would  have  to  be  purchased  from  the  Ventura  Water,  Light,  and 
Power  Company,  from  which  no  figure  has  as  yet  been  obtained  as 
to  the  price  for  which  it  would  be  sold.  It  is  beUeved  that  the 
parties  owning  this  water  would  be  willing  to  contract  for  its  deliver}. 
If  $300  per  miner's  inch  were  paid  for  this  water,  it  would  cost  the 
city  of  Santa  Barbara  $34,800  at  Ventura.  An  18-inch  continuous 
wooden  stave  pipe  laid  from  the  Ventura  River  to  the  foot  of  State 
street  would  be  138,300  feet  in  length,  or  26.2  miles.  The  friction 
head  to  be  overcome  by  water  passing  through  this  length  of  pipe, 
when  carrying  1,500,000  gallons  daily,  would  be  48.4  feet.  It  is 
believed  that  the  average  friction  and  hydraulic  head  on  the  pipe 
would  be  50  feet.  The  pipe  would  be  laid  either  on  country  roads 
or  possibly  along  the  railroad  right  of  way.  At  certain  projecting 
and  precipitous  cliffs  the  pipe  would  have  to  be  run  through  tun- 
nels. The  conduit  would  be  what  is  technically  known  as  a  con- 
tinuous wooden  stave  pipe  with  steel  bands,  a  form  of  construction 
which  is  satisfactory.  It  would  be  of  a  more  permanent  character 
than  riveted  pipe,  but  not  of  so  enduring  a  nature  as  cast-iron  pipe. 
Cast-iron  pipe,  however,  because  of  its  present  high  cost  ($45  a 
ton  delivered  at  Pacific  coast  terminals),  would  be  entirely  out  of 
the  question.  The  water  would  be  delivered  without  pressure  at 
the  foot  of  State  street,  in  order  to  avoid  excessive  cost  due  to  nec- 
essarily stronger  pipe  required  in  case  a  high  head  was  put  on  it  to 
dir^fctly  connect  with  the  mains  of  the  city  for  local  distribution. 
From  this  point  it  would  have  to  be  lifted  to  domestic  reservoirs. 
The  following  table  is  an  estimate  on  the  cost  of  laying  such  a  pipe 
line: 

Table  \{).-— Estimated  cost  of  Santa  Barhara-VerUura  pipe  line. 


Section. 

liCngth. 

Lin.  ft. 
7,920 
6,854 
2,640 
1,584 
1,320 

27,984 
6,072 
7,392 
5,280 
9,500 

61,776 

ClaMof 
excavation. 

Coat. 

Cost  of 
excava- 
tion. 

Cost  of 
backfill. 

Total 

cost  of 

trenching. 

^^'      ToUIcct. 

1 

Trench 

do 

do 

do 

Tunnel 

Trench 

Tunnel 

Trench.... 

Tunnel 

Trench . . . . 

do 

Lin.  It. 

SO.  15274 

.191 

$1,209.70 
1.311.02 

1302.42 

327.75 

100.81 

37.80 

11,512.12       19,504.00'     $11,016.12 

2 

1,638.77  1      8.236.80           9.875.57 

3 

. 15274           403. 23 

.09546           151.21 

5.00        <    6.600.00 

504.04 

189.01 

6,600.00 

3,339.19 

30,360.00 

882.05 

26,400.00 

2,040.48 

3,168.00           3,672.04 

4 

1,900.80  '        2,(n9.M 

5 

1,584.00           8,184.00 

6 

.09546 
5.00 

.09546 
5.00 

.17183 

2,671  35 

30,360.00 

705.64 

26,400.00 

1.632.38 

667.84 

33,580.80         36,919.99 

7 

7,286.40         37,646.40 

8 

176.41 

8,870.40          9,752.45 

g 

6,336.00         32,736.00 

10 

408.10 
1,474.28 

11.400.00         13.44a48 

11 

.09546       5,897.14 

7,371.42       74,131.20        81.502.0 

1 

Total.. 

138,332 

77,341.67 

3,495.41 

80,837.08 

165,996.40       246,835.48 
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A  portion  of  the  line  would  be  in  ground  that  is  quite  alkaline. 
The  wooden  part  of  the  pipe  would  not  be  attacked  by  the  alkali,  but 
the  iron  rods  would  be.  If  we  assume  a  length  of  life  for  the  pipe  of 
twenty  years,  and  that  a  sinking  fund  at  4  per  cent  interest  would 
necessarily  have  to  be  provided  to  renew  it  at  the  end  of  that  time, 
$8,287.54  would  have  to  be  set  aside  annually  to  meet  the  charge. 
At  4  per  cent  interest  this  would  capitalize  at  $207,188,  which  should 
properly  be  added  to  the  first  cost  of  the  pipe,  giving  $454,023  as  the 
real  cost  of  the  pipe  line  to  the  city.  This  computation  is  given  in 
order  to  compare  the  real  cost  of  this  pipe  line  with  other  permanent 
construction  mentioned  later. 

It  would  be  necessary  to  install  two  pumping  plants,  one  at  Ventura 
to  force  this  water  through  the  pipe  line  against  the  friction  head,  and 
the  other  to  lift  the  water  from  the  foot  of  State  street  to  an  assumed 
level  of  300  feet  to  a  domestic  reservoir.  The  cost  of  the  first  plant 
would  be  $9,649, and  of  the  second  plant  $13,970,or  a  total  of  $23,619. 
If  a  life  of  twenty  years  is  assumed  for  pumping  plants  also,  and  pro- 
vision is  made  for  their  renewal  by  a  sinking  fund  as  before,  bearing 
4  per  cent  interest,  there  would  have  to  be  set  aside  each  year  for 
this  purpose  $792.49,  which  is  interest  at  4  per  cent  on  $19,802, 
making  a  total  cost  to  the  city  of  pumping  plants  of  $43,421. 

These  pumping  plants  would  be  improved  and  modern  triple- 
expansion  condensing  steam  plants.  The  first  plant  would  consume 
5.5  barrels  of  crude  oil  daily,  and  the  second  14.5  barrels  of  oil  daily, 
or  a  total  ot  20  barrels  of  oil  daily  to  deliver  1^  million  gallons  daily. 
This  oil  at  $1  a  barrel,  which  would  be  a  fair  price  for  a  long  period  of 
use,  would  represent  a  daily  charge  of  $20,  and  an  annual  charge  of 
$7,300.  Attendance  of  engineers  and  assistants  would  probably 
amount  to  $5,000  annually;  so  the  oil  and  attendance  together  would 
be  $12,300,  which,  capitalized  at  4  per  cent,  represents  $307,500. 

To  summarize  we  now  have : 


Summary  oj  cost  of  Santa  Barbara-Ventura  pipe  line. 


1,500,000  gallons  of  water  daily 

Pipe  line 

Two  pumping  plants 

Fuel  and  attendance 


Total. 


First  cost. 


First  cost 

and  maln- 

tenance. 


$34,800 

246,835 

23,619 


305,254 


$34,800 

454,023 

43,421 

307,500 


839,744 


This  figure  of  first  cost  and  maintenance  would  represent  the  real 
expense  to  the  city  of  building  and  maintaining  such  a  plant  perpetually. 


48  WATER   PROBLEMS    OF   SANTA    BARBARA,   CAL.  [so.  ui 

and  on  this  basis  can  be  properly  compared  with  permanent  con- 
struction, such  as  masonry. 

This  plant  would  practically  be  incapable  of  being  increased  in 
capacity  without  rebuilding  the  entire  system,  and  no  estimates  have 
been  included  for  rights  of  way. 

SANTA  YNEZ  RIVER. 

The  county  of  Santa  Barbara,  by  petition  of  its  board  of  supervisors, 
and  the  city,  through  its  trustees,  requested  the  United  States  Geok^- 
ical  Survey  to  make  topographic  surveys  and  hydrographic  investi- 
gations in  Santa  Barbara  County  to  assist  in  the  solution  of  the  diffi- 
cult water  problems  wliich  confront  this  beautiful  coast  district,  often 
called  the  American  Riviera.  As  it  is  the  policy  of  the  Geological 
Survey  to  carry  on  its  work  where  the  results  will  be  of  greatest  value, 
it  acceded  to  this  request  and  has  extended  its  topographic  surveys 
over  the  greater  portion  of  the  county.  PI.  I  is  made  up  from  the 
results  of  these  surveys.  Hydraulic  investigations  have  also  been 
begun,  three  reservoirs  surveyed,  several  tunnel  lines  triangulated, 
and  three  gaging  stations  established.  It  is  intended  to  extend  the^e 
investigations  during  the  coming  season  so  as  to  cover  the  entire 
drainage  basin  of  Santa  Ynez  River.  To  a  limited  extent  the  city 
of  Santa  Barbara  has  cooperated  financially  in  the  hydraulic  work. 

Santa  Ynez  River  rises  in  the  mountains  of  Santa  Barbara  imd 
Ventura  counties,  and  flows  westerly  with  a  flat  grade  to  the  Pacific 
Ocean,  having  a  length  of  approximately  75  miles.  The  Santa  Ynez 
Range  of  mountains,  varying  in  elevation  from  3,000  to  4,000  feet, 
forms  the  southern  boundary  of  this  drainage  basin.  The  northern 
divide  ranges  from  4,500  to  5,500  feet,  culminating  in  Mount  Pincw. 
the  elevation  of  which  is  8,826  feet.  The  mean  elevation  of  the  basin 
above  the  mouth  of  Mono  Creek  is  3,500  feet  above  sea  level. 

RAINFALL. 

The  mean  rainfall  at  Santa  Barbara  is  16.78  inches;  at  Nordhoff,  in 
Ventura  County ,  at  an  elevation  of  1,200  feet,  it  is  about  18  inches;  at 
Mutau  Flat,  on  the  headwaters  of  Piru  Creek,  and  on  the  eastern 
slope  of  the  range,  at  an  elevation  of  4,850  feet,  it  is  19  inches;  at  Sned- 
den's  ranch,  on  the  north  fork  of  the  headwaters  of  the  Piru,  on  the 
eastern  slope  of  the  mountains,  at  an  elevation  of  4,900  feet,  it  is  15 
indices;  at  Cuddy's  ranch,  at  an  elevation  of  5,000  teet,  in  Kern  Count r. 
near  the  head  of  Tejon  Creek,  it  is  20  inches,  and  at  Old  Fort  Tejon,  at 
au  elevation  of  3,245  feet,  it  is  18  inches.  These  records,  except  those 
ot  Santa  Barbara,  which  were  begun  in  1867,  are  of  rather  short  dura- 
tion and  fragmentary.  The  mean  rainfall  given  for  each  mountain 
station  is  determined  by  finding  the  ratio  of  precipitation  at  Santa 
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Barbara  for  the  years  during  wliich  rainfall  was  observed  at  the  high 
point  in  question,  and  the  mean  of  the  37-year  record  at  Santa  Barbara, 
and  applying  that  ratio  to  the  observed  rainfall  at  the  mountain  sta- 
tion. There  are  no  known  observations  of  rainfall  in  the  upper 
portion  of  the  Santa  Ynez. 

It  is  well  known  by  the  people  living  along  the  Pacific  coast  that 
the  rainfall  increases  as  the  slope  of  the  mountain  ranges  exposed 
to  the  sea  breezes  is  ascended.  Usually  this  increase  amounts  to 
six-tenths  of  an  inch  of  rain  for  each  100  feet  rise  in  elevation,  which 
increase  is  to  be  added  to  the  observed  precipitation  at  the  base  of 
the  range.  On  the  eastern  slope  of  the  mountain  ranges,  on  the 
side  away  from  the  ocean,  this  estimate  does  not  at  all  hold,  there 
being  an  actual  diminution  of  rainfall  after  passing  a  crest.  Con- 
sequently it  is  to  be  .  expected  that  such  stations  as  Mutau  Flat 
and  Snedden's  ranch,  situated  easterly  from  the  main  crest  of  the 
Coast  Range,  will  have  less  precipitation  than  occurs*  on  the  exposed 
westerly  side  of  the  range.  The  Santa  Ynez  Range  undoubtedly 
abstracts  a  portion  of  the  moisture  of  the  clouds  that  are  passing 
inland  over  the  drainage  basin  of  Santa  Ynez  River,  but  the  precipi- 
tation must  again  increase  on  the  westerly  sides  of  the  high  Coast 
Range  on  the  northerly  and  easterly  portions  of  the  drainage  basin, 
where  the  mountains  rise  from  2,000  to  3,000  feet  higher  than  the 
summits  of  the  Santa  Ynez  Mountains. 

Mr.  Purslow  says  that  the  rainfall  in  the  basin  of  the  Santa  Ynez 
above  the  reservoir  sites  which  he  examined  is  30  inches,  and  Mr. 
Wright  states  that  in  his  judgment  it  is  over  20  inches.  Mr.  Marsden 
Manson,  civil  engineer  of  the  California  Water  and  Foi:est  Associa- 
tion, prepared  a  rainfall  map,  showing  precipitation  throughout  the 
State,  on  which  he  estimates  the  rainfall  in  this  district  as  between 
20  and  30  inches.  Mr.  William  Hammond  Hall,  when  State  engineer  of 
California,  also  prepared  a  rainfall  map,  showing  the  precipitation  for 
this  district  to  be  between  20  and  30  inches.  Lieutenant  Glassford, 
of  the  United  States  Signal  Service,  in  1891  officially  estimated  the 
rainfall  on  the  headwaters  of  the  Santa  Ynez  at  from  20  to  25  inches. 

After  a  careful  examination  of  the  drainage  basin,  of  the  vegeta- 
tion covering  it,  of  available  rainfall  records,  and  from  a  general 
knowledge  of  the  precipitation  throughout  this  portion  of  the  State, 
the  writer  believes  that  the  average  rainfall  in  this  basin  is  about 
22  inches.  However,  in  order  to  be  within  safe  limits  in  making 
the  estimates  of  available  water  supply,  the  same  rainfall  is  used  for 
computing  the  run-off  of  the  Santa  Ynez  basin  as  has  been  observed 
at  Santa  Barbara. 
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RUN-OFF. 

The  question  of  determining  the  relation  of  what  is  called  run-off 
(or  the  amount  of  water  the  streams  discharge)  to  rainfall  is  one  of 
considerable  difficulty  and  uncertainty.  It  is  dependent  upon  the 
character  of  the  rains,  whether  gentle  showers  or  violent  storms 
(the  latter  yielding  the  greater  run-off),  and  also  upon  the  st«epnes» 
of  the  slopes  and  the  size  of  the  watershed.  Other  things  being 
equal,  the  small  watershed  has  the  higher  percentage  of  run-ofT.  A 
one  or  two  years^  record  does  not  establish  a  final  ratio. 

The  forest  cover  of  the  drainage  basin  also  greatly  affects  the 
run-off.  If  it  is  a  denuded  area  the  floods  are  more  violent  and 
shorter  in  duration  and  the  summer  stream  is  much  lower.  If  the 
drainage  basin  has  a  proper  forest  or  brush  cover  the  stream  is  more 
uniform  in  flow  and  carries  less  silt.  The  general  porosity  of  the 
soil  and  rock  also  affects  the  character  of  the  run-off. 

A  number  of  efforts  have  been  made  to  establish  this  ratio  of 
rainfall  to  run-off.  The  diagram  presented  herewith  as  fig.  1  (p.  15; 
shows  by  curved  lines  on  a  horizontal  scale  the  amount  of  rainfall 
in  inches  of  depth,  and  on  the  vertical  scale  the  total  corresponding 
volume  of  water  discharged  in  acre-feet,  an  acre-foot  of  water  being 
the  amount  that  will  cover  1  acre  1  foot  deep,  or  43,560  cubic  feet. 
The  curve  which  is  used  in  this  report  is  one  that  has  been  deter- 
mined as  the  result  of  a  large  number  of  measurements  in  California 
made  by  the  United  States  Geological  Survey.  It  will  be  noted 
that  it  indicates  less  run-off  than  the  others. 

The  Salt  Springs  Valley  reservoir  is  in  Calaveras  County,  Cal.,  in 
the  foothills.  The  NeweU  curve  for  *' mountainous  areas"  is  a  gen- 
eral determination,  by  Mr.  F.  H.  Newell,  hydrographer  of  the  Geo- 
logical Survey,  for  the  high  mountain  areas  of  the  western  portioii> 
of  the  United  States.  The  Arrowhead  reservoir  is  in  San  Bernar- 
dino County,  Cal.  The  Newell  curve  for  "undulating  areas"  is  the 
relation  determined  by  Mr.  Newell  for  hill  countries.  The  general 
curve  for  large  watersheds  for  California  is  the  one  used  in  this  re|>ori 
as  the  result  of  California  observations  made  largely  during  the 
drought  period  through  which  we  have  passed.  It  will  be  noted 
that  there  is  no  run-off  indicated  until  after  the  rainfall  exceeds 
10  inches.  All  of  these  curves  are  much  more  unfavorable  to  large 
run-off  than  has  customarily  been  accepted  for  eastern  streams. 
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Table  11. — Record  of  predpilatum  at  Santa  Barbara  ^  Cal. 

[  [.atitutle,  3-1°  25';  longitude,  119°  40".    Glovation,  100  feet.    Authority,  War  Department  and  Weather 

Uun>au.] 


Year. 


1867-68.. 

1. Sivy- 70.. 

1870-71.. 

1871-72.. 

1872-73.. 

187:J-74.. 

1874-75... 

187.'>-76.., 

1876-77... 

1877-78. . , 

187H-79... 

1871M»... 

1880-81... 

1881-82... 

1882-83... 

18S3-84... 

18H4-85... 

1885-86... 

1886  87... 

lK87-«8... 
1888-89... 

1889-90... 
1890-91... 
1S91-92... 
1K92-93. . . 
1803-94... 
1804-95... 
1805-96. . . 
1896  97... 
1897-98... 
180»-t». . . 
1899-1900. 
1900-1901. 
1901-2.... 
1902-3. . . , 
1903-4.... 


37-year 
mean.' 


Sept. 
0.00 

Oct. 
0.00 

1 
Nov. 

2.31 

Dec. 
12.67 

Jan. 

Feb. 
2.00 

3.97 

i    .00 

.00 

1.25 

4.26 

3.26 

2.12  , 

.00 

.30 

.65 

1      '^' 

.25 

5.87  ■ 

.00 

1.04 

.27 

1.41 

.86 

2.92 

.00 

.09 

1.83 

6.56 

2.53 

1.81 

.05 

.00 

.00 

4.34 

.58 

5.48  , 

.00 

.00 

.27 

5.26 

4.54 

3.17  ! 

.00 

1.91 

1.30 

.00 

14.84 

.18  ' 

.00 

.00 

6.53 

.31 

7.56 

6.67  i 

.00 

.32 

.00 

.00 

2.72 

.00' 

.00 

.00 

1.32 

3.12 

7.17 

11.73 

.00 

.32 

.00 

5.16 

5.24 

.71 

.00 

.41 

1.62 

4.57 

1.30 

10.86 

.00 

.25 

.28 

9.73 

2.83 

.30 

.44 

1.47 

.33 

.95 

1.13 

2.38 

.00 

.37 

.77 

.10 

2.18 

2.92 

.00 

1.32 

.00 

2.76 

6.33 

9.68 

.00 

1.02 

.79 

6.62 

1.23 

.07 

.00 

.19 

9.84 

2.47 

5.12 

1.19 

.00 

.39 

.87 

.86 

.31 

8.64 

.38 

.31 

1.10 

4.43 

10.15 

1.30 

.03 

.07 

5.62 

5.50 

.29 

1.29 

.00 

8.65 

3.21 

10.64 

5.32 

2.96 

1.50 

.00 

.48 

3.53 

.50 

8.82 

.18 

.00 

.00 

2.26 

1.04 

2.48 

.00 

.42 

3.70 

7.31 

4.52 

3.55 

.00 

.62 

T. 

3.50 

.65 

.50 

1.36 

.78 

.11 

4.16 

6.25 

.67 

.00 

.55 

.77 

.93 

6.84 

.00 

.00 

.92 

3.51  ' 

2.92 

4.35 

3.65 

.00 

1.44 

.00 

.00 

.63 

1.39 

3.17  ' 

.14 

.00 

.36 

4.48 

.00 

.00 

2.06  : 

1.97 

2.35 

2.32 

.05 

.04 

.15 

3. 99  1 

.02 

4.86 

3.65  , 

.36 

2.42 

1.16 

T. 

1.36 

4.40 

.00 

1.48 

4.01 

2.24 

2.06 

1.63 

T.  , 

T. 

.05 

T. 

.46 

4.09 

Mar. 


1.08 

4.22 

.83 

.02 

.18 

.05 

.78 

.38 

2.73 

.82 

2.47 

.34 

1.15 

1.25 

5.74 

3.64 

9.77 

.35 

2.03 

.13 

3.86 

7.31 

1.10 

1.65 

3.36 

7.53 

.22 

1.99 

2.37 

2.73 

.28 

2.78 

1.58 

.16 

2.89 

6.12 

4.40 


Apr.  I  May. 


2.44 

.46 

•  w 

2.02 

1.80 

.00 

.28 

.10 

.27 

.18 

3.34 

1.60 

5.73 

.59 

1.63 

.29 

2.60 

3.00 

3.40 

1.43 

.16 

.49 

.31 

1.90 

.34 

.38 

.35 

.46 

1,78 

.02 

T. 

.64 

.42 

2.07 

1.40 

2.91 

1.89 


0.72 
.20 
.74 
.37 
.00 
.00 
.14 
.00 
.00 
.45 
.29 
.21 
.00 
.00 
.00 

2.79 
.39 
.00 
.00 
.33 
.02 
.76 
.18 
.00 
.62 
.00 
.86 
.02 
.08 
.00 

1.25 
.00 

1.90 
.34 
.07 
.00 
.09 


June.  July.  Aug. 


0.00 
.00 
.07 
.00 
.14 
.00 
.00 
.00 
.00 
.00 
.07 
.00 
.00 
.00 
.20 
.35 

1.62 
.00 
.00 
.03 
T. 
.13 
.00 
.00 
.00 
.00 
.00 
.05 
.05 
.00 
.00 
.78 
.01 
.10 
.00 
.00 
.00 


0.00. 

.00 ! 

.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
T. 
.00 
.00 
.00 
.00 
.00 
.15 
T. 
.40 
.00 
T. 
.00 
.02 
.06 
.00  I 
.00 
.00  I 


0.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

T. 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

T. 
.09 
.00 
.00 
.10 


ToUl. 


26.19 
15.77 
10.27 

8.91 
14.96 
10.50 
14.44 
18.71 
23.07 

4.49 
29.51 
13.58. 
25.64 
15.23 
14.27 
13.41 
34.47 
13.08 
24.24 
12.99 
21.71 
21.58 
32.37. 
18.38 
10.28 
27.41 

6.85 
15.85 
13.77 
18.10 

4.99 
12.35 
12.68 
15.53 
14.06 
20.45 
11.68 

16.78 


As  has  been  previously  stated,  the  rainfall  for  the  drainage  basin 
of  the  Santa  Ynez  above  the  Mono,  and  for  Mono  Creek,  is  taken 
in  the  computations  as  16.78  inches  as  an  average,  which  is  the 
rainfall  observed  for  thirty-seven  years  at  Santa  Barbara. 

The  drainage  area  above  the  various  reservoir  sites  was  carefully 
determined  from  the  topographic  surveys  of  the  Geological  Survey 
which  have  been  recently  made.  The  area  above  the  Juncal  reser- 
voir site  is  13.4  square  miles;  above  the  Mono  reservoir  site,  119 
square  miles;  above  the  Main  River  reservoir  site,  on  the  Santa 
Ynez  just  below  the  mouth  of  Blue  Canyon,  71  square  miles; 
above  the  Gibraltar  reservoir  site  on  the  main  river,  207  square  miles. 
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The  exposure  of  the  drainage  basin  of  the  Santa  Ynez  proper  is 
more  favorable  for  a  large  amount  of  run-oflf  than  that  of  the  Mono. 
The  rainfall  usually  increases  as  the  mountains  rise  in  elevation, 
but  the  heaviest  precipitation  is  generally  just  beyond  the  crest  of 
the  range  of  hills;  consequently  we  would  expect  an  unusually  large 
precipitation  just  beyond  the  summit  of  the  Santa  Ynez  Range 
north  of  Santa  Barbara.  Moreover,  this  exposure  being  a  northern 
one;  there  is  less  loss  by  evaporation  from  the  soil.  This  rainfall 
is  strikingly  indicated  by  the  brush  cover  on  the  Santa  Ynez  Moun- 
tains as  compared  with  the  cover  in  the  drainage  basin  of  the  Mono. 

As  an  illustration,  it  may  be  mentioned  that  during  the  season  of 
1902-3  the  Mono  drainage  basin  discharged  8,934  acre-feet  of  water 
from  119  square  miles;  the  Santa  Ynez  above  the  Mono  discharged 
9,898  acre-feet  from  71  square  miles,  and  the  basin  above  the  Gibral- 
tar dam  site  discharged  21,202"  acre-feet  from  207  square  miles. 

By  applying  the  diagram  (fig.  1)  showing  the  relation  of  rainfall  to 
run-off  to  the  drainage  areas  of  each  of  the  sites,  the  probable  volum  * 
of  water  available  at  each  in  each  year  has  been  obtained  and  is  given 
in  the  last  three  columns  of  table  12.  It  will  be  noted  that  there  ib 
a  very  great  fluctuation  in  the  volume  discharged  in  various  years. 
For  instance,  in  1875-76  there  were  probably  35,190  acre-feet  of  water 
discharged  through  the  Gibraltar  reservoir  site ;  in  the  following  year 
there  were  no  flood  discharges  whatever;  while  in  the  year  1877-7S 
there  were  probably  66,240  acre-feet.  This  is  a  strong  argument  \\\ 
favor  of  building  reservoirs  of  sufficient  capacity  to  hold  over  from 
years  of  abundance  to  years  of  deficiency.  It  would  not  be  possible  to 
catch  and  retain  all  the  water  in  all  of  the  years,  as  there  is  a  limit  to 
the  height  of  dam  that  should  be  built  to  be  commercially  profitable. 

In  consulting  a  table  of  estimated  discharge  of  stream  flow  ^or 
any  given  section,  it  must  be  borne  in  mind  that  the  figures  are 
purely  hypothetical,  exact  determination  being  impossible,  for  numer- 
ous reasons.  The  character  of  the  run-off  is  dependent  upon  the 
character  of  each  particular  rain  storm,  whether  it  is  a  gentle  shower 
or  violent  downpour.  Again,  one  storm  quickly  following  another 
will  produce  a  greater  stream  discharge,  because  there  is  less  oppor- 
tunity of  absorption  of  the  rain  by  the  ground.  The  character 
of  the  exposure,  forest  cover,  etc.,  all  enter  into  the  considerations, 
rendering  the  question  one  of  great  intricacy.  The  table  given 
is  based  upon  general  results  obtained  in  southern  California  and 
must  be  considered  merely  as  an  estimate  made  from  the  most 
reliable  data  in  hand.  In  order  to  obtain  intelligent  results  along 
these  lines,  it  is  exceedingly  important  for  the  city  of  Santa  Bar- 
bara to  maintain  gagings  on  Santa  Ynez  River  continuously,  par- 
ticularly during  the  construction  of  the  tunnel  prior  to  the  building 
of  the  dam  at  Gibraltar. 
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Table  12. 


-Ilypotheticdl  runoff  for  Santa  Ynez  reservoir  sites  on  hofds  of  observed  Santa 
Barbara  rainfall  and  runroff  diagram. 


Year. 


1867-G8^. .  ^ . . 

1868-69 

1869-70 

1870-71 

1871-72 

1872-73 

1873-74 

1874-75 

1875-76 

1875-77 

1877-78 

1878-79 

1879-80 

1880-81 

1881-82 

1882-83 

1883-84 

1884-85 

1885-86 

188&-87 

1887-88 

1888-n89 

188^90 

1890-91 

1891-92 

1892-93 

1893-94 

1894-95 

1895-96 

1896-97 

1897-98 

189&-99 

189^1900 

1900-1901 

1901-2 

1902-3 

1903-4 


Rainfall  of     Run-off 
Sajita  Bar-  per  square 
bara  and    I    mile  in 
Santa  Ynez.  acre-feet. 


Total  run-off  in  acre-feet. 


25. 19 
15.77 
10.27 

8.91 
14.96 
10.50 
14.44 
18.71 
23.07 

4.49 
29.51 
13.58 
25.64 
15.25 
14.27 
13.41 
34.47 
13.08 
24.24 
12.99 
21.71 
21.58 
32.37 
18.38 
10.28 
27.41 

6.85 
15.83 
13.77 
18.10 

4.99 
12. 35 
12.68 
15.53 
14.06 
20.45 
11.68 


Juncal 
(drainage 
area,  13 
square 
nules). 


Mono 

(drainage 

area,  119 

square 

nules). 


210       2,730  I      24,990 
60  I        780  7, 140 


Main  river 

(drainage 

area,  71 

square 

miles). 


Gibraltar 

(drainage 

area,  207 

square 

miles). 


43, 470 
12,420 


50 


650  5,950 


3,550 


40 
105 
170 


520 
1,365 
2,210 


320 
40 

230 
50 
40 
30 

430 
30 

190 
30 

150 

150 

370 
90 


4,160 

520 

2,990 

650 

520 

390 

5,590 

390 

2,470 

390 

1,950 

1,950 

4,810 

1,170 


12 
20 


255 


3,315 


38 

4 

27 

4 

3 
51 

3 
22 

3 
17 
17 
44 
10 


30 


60  780 

40  520 

90       1, 170 


20 
30 
60 
40 
120 
15 


260 
390 
780 
520 
1,560 
195 


7 

4 

10 


2 
3 

7 

4 

«14 

1 


760 
495 
230 


2,840 

7,455 

12,070 


080 

760 

370 

950 

760 

570 

170 

570 

610  ; 

570 

850  j 

850 

030 

710  I 


22,720 
2,840 

16,330 
3,550 
2,840 
2,130 

30,530 
2,130 

13,490 
2,130 

10, 650 

10,650 

26,270 
6,390 


345 


18, 105 


140 
760 
710 


4,260 
2,840 
6,390 


380 
570 
140 
760 
280 
785 


10, 350 


8,280 
21,735 
35,190 


66,240 

8,280 

47, 610 

10, 350 

8,280 

6,210 

89,010 

6,210 

39,330 

6,210 

31,050 

31,050 

76,590 

18,630 


52,785 


12,420 

8,280 

18,630 


1,420 

4,140 

2,130 

6,210 

4,260 

12,420 

2,840 

8,280 

''.8,  520 

24,840 

1,065 

3, 105 

o  Measured  flow,  8,934  aci-e-feet. 


b  Measured  flow,  O^KiW  iicrc-feet. 
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Table  13. — Measured  runroff  of  Santa  Ynez  River  and  Mono  Creek  lor  190S-3, 


Month. 


1902. 


July 

August 

September , 
October . . . 
November . 
December. 


1903. 


January . . 
February 

March 

April 

May 

June 


Estimate  for  1902-3 

Run-off  for  1902-3,  in  acre-feet  per  square  mild. 

1903. 
July 


August . . . 
September 
October . . , 
November 
December. 


Total  run-oll  in  aen^f  ert 

Mono  at 
dam  site 
(drainage 
area,  119 

'  Mainnwr 
above  M<»iio 
(diainjtf*F 
area,  71 

square 
mllm). 

square 

0 

0 

0 

0 

0 

0 

0 

0 

173 

2M> 

12 

111 

676 

1,193 

389 

75n 

1,845 

1,230 

4,820 

4,998 

799 

1,045 

220 

2?^) 

8,934 

9,8liN 

14,280 

8,520 

75.1 

139.4 

21 

G^ 

10 

31 

7 

IS 

3 

9 

2 

41 12 

3 

'M4 

46 

152 

"Eptimatcd. 

Run-off  at  Oihraliar,  in  acre-feety  for  1902-S. 

[Estimated.] 

Mono  at  dam  site 

Santa  Ynez  above  Mono 

17  square  miles  lx»low  Mono,  estimated  (17  X  139.4) 


8.934 
9,S9S 
2.370 


Total  for  Gibralt^ir 21 ,  3QC> 
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TaUa  runoff,  in  acre-Jeet,  of  main  river  at  Gibraltar  dam  siU. 
[Drainage  area,  207  square  miles.] 


July 

August 

September. 
October . . . 
November . 
December  . 


1903.« 


1904. 


0 
0 
0 
0 
0 
17 

45 


January  (7-31 )  

February 690 

March 1,857 

April 1,125 

May 418 

June 42 


1904. 

July 2 

August 0 

September 11 ,  484 

October 535 

November 381 

December ' 430 

1905. 

January 4, 538 

February 39,753 


Total  for  season 4, 194 

It  is  suggested  that  a  reservoir  should  be  so  constructed  as  to 
supply  at  least  150  gallons  per  capita  daily  for  a  population  of 
10,000,  the  use  and  evaporation  in  this  case  amounting  to  about 
2,100  acre-feet  yearly.  At  the  Mono  reservoir  site  a  dam  85  feet 
high,  holding  water  to  a  maximum  depth  at  the  dam  of  75  feet, 
would  give  this  continuous  supply  for  nineteen  months.  At  the 
Gibraltar  reservoir  site  a  dam  100  feet  high  would  impound  a  two 
years'  supply,  and  a  dam  155  feet  high  would  have  a  capacity  of 
15,793  acre-feet.  These  figures  as  to  flow  of  tne  streams  and  capaci- 
ties of  reservoirs  indicate  the  adequacy  of  a  system  based  upon  these 
physical  conditions.  The  records  of  stream  flow  should  be  continu- 
ously maintained  to  assist  in  the  determination  of  the  requisite 
height  of  dam. 

QUALITY   OF   WATER. 

The  quality  of  the  water  in  the  neighborhood  of  Santa  Barbara 
has  been  made  the  subject  of  long  study  by  Prof.  James  A.  Dodge, 
of  Santa  Barbara.  Herewith  are  given  certain  analyses  made  by 
him  of  the  water  of  creeks  in  this  vicinity.  Although  these  are  not 
absolutely  complete,  inasmuch  as  small  quantities  of  minerals  present 
are  not  stated,  they  were  made  with  care.  Other  complete  analyses 
that  were  made  subsequently  show  no  material  difference  from  the 
results  given.  The  analysis  of  the  water  of  the  city  tunnel  as  supplied 
to  consumers  in  Santa  Barbara  was  made  at  the  request  of  Doctor 
Cassal,  health  officer  in  1899.  The  amount  of  mineral  substances  in 
solution  in  the  tunnel  water  does  not  materially  differ  from  that  shown 
by  the  analysis  made  of  Mission  Creek  waters  in  1894.  Other  analyses 
made  by  Professor  Dodge  at  various  times,  of  waters  from  the  wells 
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ill  the  city,  show  them  to  be,  generally  speaking,  very  similar  to  the 
creek  water.  Professor  Dodge  concludes  that  the  ordinary  water  in 
use  for  domestic  purposes  from  the  strip  of  country  between  SanU 
Ynez  Mountains  and  the  ocean  is  practically  uniform  in  quahty. 
There  are,  however,  exceptional  waters  in  this  vicinity  differing 
decidedly  from  those  above  referred  to,  one  of  these  being  tlie 
Veronica  water,  and  another  the  water  from  the  Hot  Springs. 


ANALYSES  OF   SAMPLES. 

Certain  analyses  were  made  of  the  water  from  Mono  Creek  by 
Prof.  Laird  J.  Stabler,  chemist  for  the  University  of  Southern  Cali- 
fornia and  also  for  the  Southern  California  Medical  College,  one 
(No.  5)  being  of  the  low  summer  flow,  consisting  of  merely  a  few 
miner's  inches  seeping  through  the  sands  and  gravels  and  naturally 
containing  an  abnormally  large  amount  of  mineral  matter.  Another 
(No.  7)  was  of  the  water  from  the  first  floods  from  the  drainage  basin, 
which,  as  is  customary  after  a  long  drought,  carried  some  of  the 
accumulated  salts  deposited  along  the  margins  of  the  stream  by 
summer  evaporation,  and  also  a  large  amount  of  pulverized  sedi- 
ment trampled  by  stock  during  the  preceding  summer  and  readily 
picked  up  and  carried  away  by  the  first  dash  of  water  over  the 
ground.  These  analyses  of  the  low-water  stage  at  the  end  of  a  dry 
season  and  the  first  flood  water  are  the  most  unfavorable  that  could 
be  made.  The  analvses  of  the  later  floods,  made  as  the  season 
advanced,  give  smaller  amounts  both  of  silt  and  of  mineral  matter, 
as  shown  in  analyses  No.  9  and  No.  12. 

Analysis  No.  ],  water  of  Mission  Creek. 

[Analyst,  James  A.  Dodge;  date  of  analysis,  June,  1894.] 

Grains  per 
U.  S.  gallon. 

Sodium  chloride 1.28 

Sodium  sulphate '6. 95 

Calcium  sulphate 7. 45 

Calcium  carbonate 6. 02 

Magnesium  carbonate 4. 21 

Potassium  carbonate ' Trace. 

Alumina  and  iron  salts Tmco. 

Silica Trao*. 

Total 25.91 

Reaction  of  residue  left  by  evaporation  in  a  platinum  dish,  slightly  alkaline. 

Analysis  No.  2,  uxiter  of  Void  Sjtring  Creflc. 

[Analyst,  James  A.  Dodge;  date  of  analysis,  June,  1894.] 

Grains  per 
U.  S.  gallon. 

Sodium  chloride 1 .  05 

Sodium  sulphate 5.  WJ 

Calcium  sulphat<' 10. 63 
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Grains  per 
V.  a.  gallon. 

Calcium  carbonate 6. 25 

Magnesium  carbonat'C 6.  54 

Potassium  carbonate Trace. 

Alumina  and  iron  salts .' Trace. 

Silica Trace. 


Total 30.  43 

Keaction  of  residue  left  by  evaporation  in  a  platinum  dish,  slightly  alkaline. 

AnalifHiit  No.  .?,  uxUfr  from  the  Santa  Barbara  city  vxiier  tunnel. 

[Analyst,  James  A.  Dodge;  analysis  made  in  NovemlKT,  lK»n,  for  DtK'tor  Cafisal,  health  ofTicer.] 

(i  rains  per 
U.  .S.  gallon. 

Sodium  chloride : 0.  537 

Sodium  sulphate 8.  392 

Magnesium  sulphate 3. 1 18 

Magnesium  carbonate 1. 769 

Calcium  carbonate 14. 097 

Iron  carbonate 122 

Potassium  carbonate 379 

Lithium  salts Trace. 

Silica Trace. 

Nitrates Trace. 

Oi^anic  carbonac<»ous  matt<'r Trace. 


Total 28.414 

Arudyfiiii  No.  4,  iixiler  from  Santa  Yjiez  River  at  gaging  station  one-half  mile  above  mouth  of 

Mono  Creek. 

[Collecteid  by  S.  G.  Bennett,  January  4,  IftflCl;  analyst,  Laird  J.  Stabler.    Clear  wat^r;  low  stage  before 

winter  floo<is.] 


Sodium  chloride. . . 
Sodium  sulphates . 
Sodium  carbonate. 
Total  solids 


Grains  jier 
gallon. 

Parts  i)er 
100,000. 

2.72 

4.08 

29.82 

51.19 

16.  57 

28.41 

42.91 

73.60 

Analysis  No.  ft,  nxiier  from  Mono  Creel'  at  gaging  station  nexir  moiiih. 
[Coilectod  by  S.  G.  Bennett,  January  4,  1(103;  analyst,  Laird  J.  Stabler.    Clear  water,  low  stage.] 


Sodium  chloride 

Sodium  sulphate 

Sodium  carbonate 

Total  mineral  matter 


Grains  per 
gallon. 

Parts  per 

100,000. 

5.94 

10.20 

58.28 

99.94 

17.  M 

30.74 

81.64 

140.00 
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Analysis  No.  6,  water  from  Sania  Ynez  River  above  mouth  of  Mono  Credc. 
[Collected  by  W.  B.  Clapp,  November,  1«02;  analyst.  Laird  J.  Stabler.    Pint  flood.] 


Grains  per 
gallon. 


Parts  per 
1O0.000. 


Sodium  cliloride ■  2.  SO 

Sodium  sulphate 38. 25 

Sodium  carbonate 10. 13 

Total  solids  in  suspension 1, 749. 50 

Total  solids  in  solution 67. 64 


3.5 
65.6 
17  » 

2,&io.nn 
ii6.no 


Solid  matter  deposited  in  30  hours,  7.3  per  r«nt  by  volume:  solid  matter  deposited  io 
3  days,  7.3  per  cent  by  volume. 

Analysis  No.  7,  iDaUr  from  Mono  Creek  near  dam  site. 
[Collected  by  W.  B.  Clapp,  November,  1902;  analyst,  Laird  J.  Stabler.    First  flood.] 


Sodium  chloride 

Sodium  sulphate 

Sodium  carbonate 

Total  soUds  in  suspension. 
Total  solids  in  solution. . . 


Grains  per 
gallon. 

Parts  ppr 
IWfiBo. 

2.3 

3.94 

33.11 

56.  H) 

9.51 

16. -2 

342.80 

931.0) 

57.15 

98.  W 

Solid  matter  deposited  in  30  hours,  4  per  cent  by  volume;  .solid  matter  depoBit^ni  in 
3  days,  4.1  per  cent  by  volume. 

Analysis  No.  7,  loaier  from  Mono  Creek. 

[Collected  January  24, 1903,  at  low  stage;  analyst,  James  A.  Dodge.] 

Grains  per  gallon. 

Suspended  siliceous  matter,  separated  by  filtration 1.46 

Sodium  chloride 5. 49 

Sodium  carbonate 3. 73 

Sodium  sulphate 13. 14 

Magnesium  sulphate 22. 43 

Calcium  sulphate 10. 34 

Calcium  carbonate 16. 99 

Aluminum  sulphate 1.17 

Iron  salts Trace. 

Potassium  salts Trace. 

Organic  matter Trace. 

Total  dissolved  sulxitances 73.  29 

The  following  analyses  of  waters  from  Mono  Creek  and   Santa 
Ynez  River  were  taken  from  the  low  stage  of  the  stream  subsequent 
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to  the  first  flood,  but  it  is  believed  that  thev  still  contained  abnor- 
mally  high  quantities  of  solids  in  solution : 

AnalysU  No.  8,  water  from  Santa  Ynez  River  ai  cable  station. 
[CoUeoted  by  H.  Rankin,  January  29,  1903;  analyst,  Laird  J.  Stabler.    Low  stage.] 


Orains  per 
gallon. 


Parts  per 
100,000. 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate 

Total  solids  in  solution 

Total  solids  in  suspension  (0.02  per  cent) 


2.04 

3.5 

14.45 

■   24.8 

18.49 

31.72 

34.99 

60.00 

11.66 

20.00 

Analysis  No.  9,  vxUer  from  Mono  Creek  at  cable  station. 
[Collected  by  H.  Rankin,  January  29,  1903;  analyst,  L.  J.  Stabler.] 


Grains  per 
gallon 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate 

Total  solids  in  suspension  (0.02  per  cent ) 
Total  solids  in  solution 


3.67 
10.99 
37.00 
13.99 
56.20 


Parts  per 
100,000. 


6.3 
18.86 
63.44 
24.00 
97.2 


Analysis  No.  10,  uxiter  from  Santa  Ynez  Hiver  ai  caUe  station. 
[Collected  by  H.  Rankin,  January  30, 1903;  analyst,  L.  J.  Stabler.] 


Chlorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 

Sulphates  as  sodium  sulphate 

Solids  in  solution 


Grains  per  i    Parts  per 
gallon.  100,000. 


2.04 

3.5 

16.  31 

27.98 

18.64 

31.96 

44.51 

69.2 

Analysis  No.  11,  vxUer  from  Mono  Creek  at  cable  station. 
[Collected  by  H.  Rankin,  January  30,  1903;  analyst,  L.  J.  Stabler.] 


(^ilorides  as  sodium  chloride 

Carbonates  as  sodium  carbonate 
Sulphates  as  sodium  sulphate. . . 
Solids  in  solution 


Grains  per      Parts  per 


gallon. 


100,000. 


3.67 

6.3 

14.60 

25. 01 

44.10 

75.64 

65.42 

112.0 
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Amdysis  No.  12 y  water  from  Mono  Creel'. 

[Collectetl  by  II.  Rankin,  January  28,  UKB;  analyst,  James  A.  Dodge.    Flood  wat^r.] 

Grains  per  ^Uchl 

Sodium  chloride 0.  99 

Sodium  carbonate 1.05 

Sodium  sulphate 7.  59 

Magnesium  sulphate 3.  52 

Calcium  sulphate 6. 07 

Calcium  carlxjnate 7. 83 

Iron  carbonaU' 88 

•Potassium  salts Trace. 

Organic  matter Trace. 


Total 27.93 

This  water  contained  silt,  suspended  and  subsided,  consisting  mainly  of  clay,  but  con- 
taining some  fragments  of  vegetable  matter,  and  amounting  to  3J  per  cent  by  weight  of  the- 
total  water.  This  silt  subsided  with  moderate  quickness  and  left  the  water  clear  in  some- 
what less  than  three  days. 

Analysis  No,  l.f ,  water  from  Mono  Creek. 
[Collected  by  H.  Rankin,  February  26, 1903;  discharge,  4.50  second-feet;  analyst,  L.  J.  Stabler.] 


Grains  per      ParUs  per 
gallon.  inojOOU. 


4.01 


a  S7 


2.00 

3.43 

14.85 

25.4(1 

1.02 

i.rj 

30.45 

52.22 

3.82 

6.-56 

8.42 

14.43 

64.57 

1 10.  t» 

Sodium  chloride 

Sodium  carbonate 

Sodium  sulphate 

Potassium  sulphate. . . 

Calcium  sulphate 

Calcium  carbonate 

Magnesium  carbonate 

Total 


The  mineral  matter  is  rather  excessive  for  domestic  purposes.  The  alkali  salts  are  not 
beyond  the  limit  for  irrigation,  but  amount  present  would  be  large  for  some  soils.  Tlie 
water  would  form  considerable  hard  scale  in  boilers.  As  this  is  a  low-water  sample,  it 
shows  more  mineral  salts  than  flood-water  samples. 

Analysis  No.  14,  vxUer  jrom  Mono  Cre^k. 

[Collected  by  IT.  Rankin,  February  26, 1903;  discharge,  4.5  second-feet;  analyst,  James  A.  Dod|!P,] 

Grains  per  gallon. 

Sodium  chloride 3. 97 

Sodium  carbonate 3. 91 

Sodium  sulphate 13. 84 

Magnesium  sulphat4> 21.  55 

Calcium  sulphate 8. 37 

Calcium  carbonate 22. 02 

Iron  carbonate Trace. 

Aluminum  sulphate 0.  52 

Pota.s.sium  salt.s Trace. 

Silica 0. 41 

Total 74.99 

Suspended  matter 0. 29 


LIPPINCOTT.] 


QUALITY    OF    WATER. 


61 


Analysis  No.  15 j  from  SarUa  Ynez  River  at  Gibraltar. 
[Collected  by  L.  M.  Hyde,  May  2, 10(M;  discharge,  16.97  secoud-foet;  analyst,  James  A.  Dodge.] 

1.  General  character  of  the  water. 

Clear,  colorless,  free  from  odor,  of  good  taste;  showing  a  slight  sediment  in  the  bottle, 
not  sufficient  for  quantitative  detenuination.     Reaction  slightly  alkaline. 

2.  Organic  matter. 

A  microscopic  examination  of  the  very  small  amount  of  matter  separated  by  filtering, 
including  the  above-mentioned  sediment,  showed  some  plant  fibers  and  parts  of  vegetable 
organisms;  also  a  few  infusoria  in  a  state  of  activity.  These  are  usually  present  in  river 
and  lake  waters. 

3.  Chemical  analysis  of  the  mineral  matter  in  solution. 


Calcium  carbonate. .. 

Calcium  sulphate 

Magnesium  sulphate  . 
Sodium  sulphate  . . . . 

Sodium  chloride 

Potassium  carbonate. 

Lithium  salts 

Iron  salts 

Nitrates 

Silica 


Total 


Parts  per 
100,000. 

Grains  per 
U.S.  gallon. 

34.98 

20.393 

4.03 

2.350 

25.78 

15.030 

12.57 

7. 328 

3.64 

2.122 

1.05 

0.612 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

Trace. 

82.05 

47.835 

The  foregoing  substances  are  to  be  understood  as  in  the  anhydrous  state. 

Degrees, 
Total  hardness 37 

Permanent  hardness 20 

Temporary  hardness : 17 

The  total  and  the  permanent  hardness  were  determined  by  the  use  of  a  standardized 
soap  solution.  The  temporary  hardness  is  found  by  subtracting  the  permanent  from  the 
total. 

The  U.  S.  gallon  of  231  cubic  inches  is  the  basis  of  these  results,  not  the  imperial  gallon, 
as  formerly  customary. 

This  analysis  shows  that  the  water  is  of  good  quality  for  domestic  u.se  and  for  irrigation. 
For  table  use,  like  the  water  of  all  streams  in  this  vicinity,  it  would  be  improved  by  boil- 
ing and  settling.    This  process  removes  a  considerable  part  of  the  mineral  matter  and  ' 
destroys  infusoria  and  other  living  organisms.     For  use  in  steam  boilers  it  would  be  advis- 
able to  submit  this  water  to  a  softening  treatment  before  taking  it  into  the  boilers. 

DISCUSSION   OF   ANALYSES. 

Up  to  January  28,  1903,  this  season  was  not  proiductive  of  floods, 
the  precipitation  having  been  largely  in  the  form  of  snow  in  the 
higher  mountains,  and  the  high  water  occurring  later  in  the  spring. 
For  this  reason  all  of  the  samples  except  Nos.  6,7,  and  12  were  taken 
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when  the  stream  was  at  low  stage.  The  water  that  runs  off  the 
sui^ace  of  the  ground  in  floods  will  not  contain  as  much  mineral 
matter  as  that  which  seeps  through  the  soil  into  the  stream  during 
its  low  stage.  Samples  Nos.  12  and  13  show  this  to  be  true.  It  is 
probable  that  over  80  per  cent  of  the  total  annual  discharge  of  the 
Mono  will  be  in  freshets.  This  being  the  case,  we  may  expect  the 
water  that  is  stored  in  reservoirs  to  be  more  nearly  like  the  flood- 
water  than  the  low- water  samples  analyzed.  If  the  low-water  flow 
tends  to  deteriorate  the  whole  impounded  in  the  reservoir,  it  may 
be  carried  around   the  reservoir  in  a  conduit. 

The  first  flood  that  is  flushed  over  the  surface  of  a  drainage  basin 
after  a  drought  will  absorb  more  mineral  matter  than  later  floinib 
will  find.  Thus  sample  No.  12  shows  better  water  than  No.  7. 
Sample  No.  12,  from  the  second  flood  water  of  the  Mono,  shows  a 
water  practically  the  same  as  that  now  being  used  by  the  city  of 
Santa  Barbara  from  Mission  Creek  and  the  city  tunnel.  The  low- 
water  samples  contain  a  high  per  cent  of  mineral,  but  even  they  are 
pronounced  harmless  by  Mr.  Dodge.  The  water  of  the  Santa  Ynez 
above  the  Mono  is  better  than  the  Mono  water.  The  water  stored 
at  the  Gibraltar  site  would  be  a  blended  water,  grading  between  the 
two;  and  in  view  of  the  fact  that  this  is  the  only  source  of  supj>ly 
open  to  the  city  for  an  adequate  amount  of  water,  it  ia  believed  that 
it  should  be  accepted. 

Prof.  James  A.  Dodge,  a  chemist  of  marked  and  recognized  ability, 
residing  at  Santa  Barbara,  who  made  a  number  of  the  fore^oinp 
analyses,  gives  the  following  statement  about  the  quality  of  tliis 
supply: 

On  the  supposition  that  the  proposed  reservoir  on  Mono  Creek  will  he  filled  with  i\.e 
flood  water  of  the  creek,  but  that  the  water  running  in  the  creek  during  its  low  stages  will 
also  pass  into  the  reservoir,  the  water  as  supplied  to  this  city  from  that  source  will  in  its 
composition  come  between  the  samples  analyzed  by  me  and  reported  on  the  16th  and 
21st  of  February  [No.  12]  and  the  4th  of  March  [No.  14],  and  might  under  certain  oiio- 
ditions  approximate  to  the  first  of  these  samples. 

Considering,  therefore,  this  low-water  sample,  I  call  attention  to  the  fact  that  the  prin- 
cipal mineral  ingredients — that  is,  those  pn»sent  in  greatest  quantity — are  the  familiar 
calcium  and  magnesium  salts  of  our  hard  waters.  A  person  drinking  a  quart  of  this 
water  would  take  into  his  stomach  from  12  to  13  grains  of  these  salts.  He  would  at  the 
same  time  take  alx)ut  .5  grains  of  sodium  salts,  equally  common  in  our  natural  waters  as 
used  for  domestic  purposes,  together  with  a  very  small  amount  of  other  harmless  rainera' 
substances. 

In  my  opinion,  these  quantities  of  all  these  substances,  taken  in  water,  would  not  ln' 
sufficient  to  produce  any  deleterious  or  unpleasant  effects  upon  a  person  in  good  health, 
properly  supplied  with  food.  Nor  would  the  habitual  use  of  the  water  bring  about  any 
bad  consequences.  In  the  case  of  some  persons  in  delicate  health,  or  of  persons  fasting, 
the  same  substances  in  the  same  quantity  contained  in  the  water  would  probably  hrvc 
the  medicinal  action  of  an  aperient.  This  opinion  is  based  on  actual  experience  in  the  u.^ 
of  such  water  by  myself  and  by  others  in  the  same  company. 
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I  will  add  that  this  water  by  being  boiled  would  be  caused  to  depoeit  a  part  of  the  calcium 
and  magnesium  salts,  in  the  form  of  carbonates,  and  would  thereby  be  improved.  Fui^ 
thermore,  aside  from  the  removal  of  a  part  of  the  mineral  matter,  all  water  taken  from 
streams  and  lakes,  in  view  of  the  possibility  of  its  contamination  by  disease  germs,  needs 
boiling  to  make  it  perfectly  safe  for  domestic  use.  After  being  boiled  and  decanted  from 
the  precipitated  substances,  the  water,  if  placed  in  a  suitable  receptacle,  will  keep  as  long 
as  may  be  desired  and  will  be  quite  potable  from  first  to  last. 

As  regards  the  use  of  the  Mono  Creek  water  for  cooking  purposes,  in  my  opinion  the 
quantity  of  mineral  substances  introduced  into  the  articles  cooked  with  it  would  not  be 
sufficient  to  produce  any  noticeable  effects. 

For  washing  this  is  a  hard  water.  It  would,  with  ordinary  soaps,  be  somewhat  more 
troublesome  than  the  waters  now  supplied  to  the  people  of  this  city. 

In  the  irrigation  of  trees,  shrubs,  and  other  plants,  this  water  would  not  produce  any 
injurious  effects,  unless  applied  in  extraordinary  quantity  or  on  soil  with  little  or  no 
drainage. 

It  must  be  admitted  that  these  waters  are  not  of  high  grade  for 
domestic  use  because  of  the  large  quantities  of  mineral  matter  in 
solution,  but  it  is  not  believed  that  they  will  be  injurious  to  health, 
nor  will  they  be  harmful  to  vegetation.  The  sulphate  of  sodium 
is  not  harmful,  and  the  sulphate  of  lime  tends  to  neutralize  the  car- 
bonates. All  stream  waters  contain  more  or  less  mineral  matter. 
Chemically  pure  water  is  neither  pleasant  to  drink  nor  healthful. 
The  question  of  soils  becoming  alkaline  from  irrigation  with  salty 
water  is  largely  dependent  upon  the  slope  and  drainage  that  the 
soil  itself  has.  In  a  hill  country  water  containing  unusual  quan- 
tities of  alkali  may  be  used  with  impunity,  while  in  a  flat  country 
a  water  of  much  better  grade  could  not  be  applied  in  irrigation 
without  producing  bad  effects.  No  organic  impurities,  which  are 
most  to  be  feared,  will  be  found  in  these  waters  in  dangerous  quan- 
tities. 

It  should  be  stated  that  the  samples  Nos.  4  to  11,  given  Professor 
Stabler,  were  not  large  enough  in  volume  to  permit  of  complete 
analysis. 

Mr.  Thomas  H.  Means,"  of  the  Bureau  of  Soils  of  the  Department 
of  Agriculture,  makes  the  following  comment  upon  the  qiiality  of 
the  water  as  indicated  by  the  foregoing  analyses: 

I  have  examined  the  analyses  given  in  your  report  to  the  city  water  commissioners  of 
Santa  Barbara,  Cal.,  with  a  view  to  determining  whether  these  waters  would  be  consid- 
ered favorable  for  city  use  or  not.  I  have  considered  the  sources  as  free  from  contamina- 
tion through  animals  and  consequently  have  confined  my  attention  to  the  mineral 
ingredients  which  the  water  carries. 

As  I  understand  the  situation,  the  water  which  you  propose  to  carry  through  the  moun- 
tains by  a  tunnel  is  to  be  stored  in  a  reservoir  on  Santa  Ynez  River  and  comes  in  something 
like  equal  parts  from  Santa  Ynez  River  and  Mono  Creek.    The  analyses  in  your  report  are 

0  Mr.  Means  haa  since  been  appointed  engineer  of  soils  of  the  Keciamation  Service. 
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from  samples  taken  from  both  streams.     The  following  table  is  a  recapitui&Uan  of  the 
analyses,  showing  only  the  total  solids  in  100,000  parts  of  water: 

Comparufon  of  analyses  of  Santa  Ynez  and  Mono  water. 


Date. 

stage  of  Santa  Ynez 
River. 

Parts  per 
100,000. 

Dale. 

1 

stage  of  Mono  Creek.        ^J^^V 

1903. 
Jan.       4 

Nov.«  — 

Low     sta|;e     before 

floods. 
First  flood 

,      1903. 
73. 60      Jan.       4 

116.00   i  Nov.« 

Low      stage      before 

floods. 
First  flood 

1 

,     140.  (B 

98.  m 

97.20 

112.00 

Jan.     29 

Low  stage 

60.00 
69.20 

Jan.     29 
30 
28 
26 

Low  stage 

do.? 

30 

do 

Flood 

48.30 

Low  water 

110.69 

26 

do 

129.00 

n  1902. 

All  of  these  samples,  with  one  exception,  are  collected  at  low  stage  of  the  stream,  wlien 
the  amount  of  soluble  matter  is  usually  highest,  or  at  first  flood  after  the  dry  season,  when 
the  accumulations  of  saline  matter  from  the  surface  of  the  soil  are  swept  into  the  stream. 
So  these  analyses  probably  represent  the  worst  condition  of  the  water.  The  only  fltwd 
sample  is  that  from  the  Mono  Creek  collected  January  28,  1903,  and  its  analysis  sboms 
considerably  less  than  half  the  soluble  matter  found  in  the  low-stage  flow  of  the  stream. 
I  presume  if  flood  samples  were  collected  from  the  Santa  Ynez  a  similar  falling  oflf  in 
amount  of  soluble  matter  would  be  noted.  The  importance  between  this  difference  in  low- 
watt^r  and  flood  stages  is  very  great,  especially  where  the  floods  can  be  stored  and  where 
it  may  be  poasiblc  to  divert  the  low-water  flow  and  carry  it  around  the  reser\-oir. 

The  waters  of  Mono  Creek  seem  to  carry  much  more  soluble  matter  than  do  those  of  tlw 
Santa  Ynez.  The  average  of  the  analyses  given  under  the  first  four  dates  in  the  table  .sliow* 
Mono  Creek  to  carry  nearly  49  per  cent  more  soluble  matter  than  does  Santa  Ynez  River. 
If  the  same  ratio  holds  during  the  flood  season  the  mixture  of  waters  in  the  two  strean;s 
should  carry  less  than  40  parts  per  100,000  parts  of  water,  or  a  water,  as  will  be  shown  later, 
which,  according  to  the  most  rigid  standards  in  eastern  cities  and  in  Europe,  would  l>e  cla.«v*»«d 
a.s  "good"  for  domestic  use.  On  the  other  hand,  if  the  low-water  discharge  alone  is  con- 
sidered the  average  of  a  mixture  of  the  two  walers  would  be  about  114  parts  per  100 .(Ml'. 
Later  I  will  show  that  according  to  accepted  standards  this  amount  of  soluble  matter  is 
well  within  the  limit  of  western  American  sanitary  engineers. 

The  standard  most  generally  accepted  in  eastern  United  States  and  Europe  allows  'i^ 
parts  per  100,000  parts  of  water.  More  than  that  quantity  serves  to  condemn  a  water  or 
class  it  as  a  water  only  "  fair  "  for  domestic  use,  while  watere  carrying  less  than  50  parts  are 
classed  generally  as  good.  E.  W.  Hilgard,  of  the  University  of  California,  places  the  limit 
for  domestic  use  at  40  grains  per  gallon  (68.6  parts  per  100,000).  J.  K.  Haywood,  chief 
of  the  water  laboratory  of  the  Bureau  of  Chemistry  in  the  United  States  Department  of 
Agriculture,  in  an  article  on  Analysis  of  Waters  and  Interpretation  of  Results,  published 
in  the  Department  of  Agriculture  Yearbook  for  1902,  makes  the  following  staleni(>nt: 
"Some  water  analyzers  would  cast  aside  all  doubt  by  declaring  that  waters  containin;: 
above  6<S6  parts  per  million  (68.6  parts  per  1(X),000)  are  to  be  condemned,  but  such  is  ooi 
the  case,  as  there  are  many  instances,  especially  in  the  West,  of  water  containing  1 ,200  parts 
per  million  (120  parts  per  100,0(X))  and  over  being  used  without  apparent  evil  results.'* 

As  a  matter  of  precedent,  I  might  say  that  there  arc  a  number  of  small  western  towns 
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UHing  water  carrying  more  than  100  parts  soluble  matter  per  100,000  parts  of  water,  and  that 
tlic  city  of  Phoenix,  Ariz.,  supplies  about  15,000  people  with  water  carrying  from  102  to 
136  parts,  without  apparent  inconvenience  or  harmful  effect.  Numerous  domestic  supplies 
for  families  have  been  observed  by  myself  carrying  from  400  to  500  parts  per  100,000,  all 
without  evil  effect  and  with  no  inconvenience  except  that  the  waters  were  unpalatable  at 
first.  The  inhabitants  of  some  parts  of  the  Southwest  have  become  so  used  to  the  saline 
waters  that  I  have  seen  pure  water  salted  at  table  to  bring  back  the  familiar  taste. 

I  find  it  very  difficult  to  draw  any  definite  conclusions  from  the  character  of  the  salts  in 
the  water,  for  I  am  not  familiar  with  the  methods  employed  by  the  chemists  in  calculating 
these  analyses.  However,  it  seems  that  the  most  important  constituents  are  salts  of  lime. 
These  serve  to  make  the  water  hard,  will  cause  considerable  losses  in  soap  used,  and  will 
give  trouble  in  boiler  use  by  forming  scale.  I  can  not  say  how  much  of  this  hardness  is 
"temporary"  and  how  much  '^permanent."  The  two  analyses,  Nos.  13  and  14,  are  evi- 
dently made  from  duplicate  samples  by  two  chemists  working  independently.  One  of 
thom,  No.  13,  would  be  classed  as  a  hard  water  with  nearly  all  the  hardness  permanent,  or, 
in  other  words,  it  could  not  be  removed  by  boiling.  On  the  other  hand)  when  we  consider 
analysis  No.  14,  nearly  one-half  of  the  hardness  is  temporary,  or  could  be  removed  by 
simply  boiling  and  allowing  the  sediment  to  settle.  If  a  new  set  of  analyses  were  made  I 
would  suggest  they  be  made  by  some  accepted  standard  of  water  analyses  and  both  "  tem- 
porary" and  "permanent"  hardness  be  determined. 

Of  the  other  salts  present  only  the  sodium  sulphate  and  magnesium  sulphate  are  present 
in  sufficient  quantity  to  warrant  consideration.  Both  these  salts  are  laxative,  but  only 
the  most  delicate  constitutions  would  be  affected  by  the  small  amounts  taken  in  this 
water.  Newcomers  to  the  locality  might  notice  the  effect  of  the  water  for  a  few  days, 
but  I  am  sure  no  evil  effects  can  possibly  come  from  the  constant  use  of  such  water. 

The  small  amounts  of  sodium  carbonate  would  either  neutralize  the  effects  of  part  of  the 
calcium  sulphate  or  would  react  with  some  of  the  magnesium  salts  to  lower  the  amount  of 
"  permanent"  hardness.  The  amount  of  sodium  chloride  is  so  small  as  to  be  negligible  in 
considering  the  value  of  the  water. 

In  summing  up  the  matter  I  will  say  that  I  think  the  flood  flow  of  the  united  Santa 
Ynez  and  Mono  will  prove  to*  be  well  within  the  limits  set  down  by  the  most  rigid 
eastern  standards,  and  that  from  the  available  analyses  even  the  low-stage  flow  will  be 
found  to  be  well  within  the  limits  allowable  for  western  cities  and  much  lower  in  salt  con- 
tents than  many  waters  which  have  been  in  use  for  a  long  time  without  deleterious  effects. 

If  further  analyses  are  made  I  would  suggest  that  both  "  temporary  "  and  "  pennanent " 
hardness  be  determined  and  that  some  attempt  be  made  to  collect  flood  samples  as  well  as 
the  normal  and  loW  stage  from  both  streams. 

In  respect  to  the  amount  of  solid  matter  in  the  stream,  it  will 
be  seen  that  there  was  less  silt  in  the  first  flood  water  from  the  Mono 
than  from  the  Santa  Ynez;  the  reverse  may  be  expected  under  ordi- 
nary conditions.  Both  of  these  analyses  show  the  percentage  of  wet 
silt  by  volume  at  the  expiration  of  a  short  period  of  settlement.  This 
determination  of  solid  matter  by  volume  gives  an  exaggerated  idea  of 
the  way  in  which  the  silt  might  be  expected  to  destroy  the  storage 
capacity  of  the  reservoir,  for  it  will  compact  as  it  settles  in  the  reser- 
voir and  as  other  silt  is  deposited  upon  it.  In  this  manner  it  will 
solidify  into  soil  occupying  from  one-half  to  one-quarter  of  the  space 
indicated  by  its  volumetric  determination.  Later  floods  have  shown 
less  than  one-tenth  of  1  per  cent  of  silt. 

The  way  to  meet  the  silt  problem  in  the  future  will  be  by  building 
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the  dams  higher  when  their  storage  capacity  is  impaired.  The  eleva- 
tion of  the  bed  of  the  creek  at  the  Mono  reservoir  site  is  1,440  feet; 
the  capacity  to  the  1,530-foot  elevation  is  6,509  acre-feet.  If  the 
water  level  is  raised  10  feet,  or  to  the  1,540-foot  elevation,  the  capacitv 
will  be  increased  2,254  acre-feet,  or  34.6  per  cent.  If  we  consider 
that  the  reservoir  will  lose  as  much  as  2  per  cent  of  its  capacity  annually 
by  silting,  or  34  per  cent  in  seventeen  years,  the  original  capacity 
could  be  restored  by  raising  this  dam  10  feet  in  height  at  the  end  of 
that  period  of  time.  In  a  similar  manner  the  capacity  of  the  Gibral- 
tar reservoir  may  be  increased  about  30  per  cent  by  raising  the  crest 
10  feet  above  the  155-foot  elevation. 

FOREST   COVER. 

The  true  and  permanent  solution  of  this  silting  problem  lies  in  the 
protection  and  development  of  the  forest  and  brush  cover  of  this 
reserve.  A  valuable  brush  cover  is  shown  in  PI.  Ill,  B,  Under  existing 
conditions  the  Los  Prietos  Y  Najalayegua  grant  is  wedged  in  between 
the  Pine  Mountain  and  Zaca  Lake  Forest  Reserve  and  the  Santa  Ynez 
Forest  Reserve,  along  the  canyon  of  Santa  Ynez  River.  Tliis  private 
grant  is  not  only  pastured  to  sheep  and  goats,  but  is  also  subject  to 
attacks  from  fires  originating  thereon  which  can  not  be  properly 
restrained.  Sheep  have  been  described  as  the  hoofed  locusts  of  the 
mountains.  Their  small  feet  cut  up  and  pulverize  the  soil,  destroying 
t^ie  plants  and  roots  that  might  otherwise  escape  them.  They  are  a 
menace  almost  equal  to  that  of  fire  to  every  drainage  basin  in  south- 
ern California  which  they  enter.  Arrangements,  if  possible,  should 
be  made  looking  toward  the  condemnation  of  this  property  in  some 
way  and  its  addition  to  the  forest  reserves  above  referred  to.  The 
board  of  water  commissioners  of  Santa  Barbara  very  wisely  and 
properly  have  urged  this  matter  with  the  Departments  at  Washing- 
ton, and  the  forestry  experts  who  have  examined  the  region  have 
favorably  reported  upon  the  action  suggested.'' 

With  a  natural  increase  of  vegetation  and  protection  from  the  fires 
which  have  raged  through  this  district  for  years  past  it  is  believed 
that  the  silt  danger  would  be  largely  mitigated.  This  is  a  subject 
which  should  be  followed  up  as  one  of  vital  importance,  and  but  one 
solution  should  be  permitted,  to  wit,  the  expulsion  of  the  sheep  frt>ni 
the  drainage  basin  of  the  Santa  Ynez  and  the  protection  of  the 
forest  and  brush  cover  from  fire.  Otherwise  the  drainage  basin  is 
satisfactory.  There  are  practically  no  human  habitations  within  its 
borders  above  the  proposed  reservoir  sites,  and  prol)ably  will  be  none 
in  the  near  future,  as  the  country  is  too  mountainous  and  too  inhospi- 

«In  Deceml)er,  1903,  after  the  above  had  been  written,  an  Executive  order  inchided  this  grant  is 
the  forest  reserve,  an  exchange  of  holdings  having  been  arranged  with  the  owner,  and  now  the  online 
reservation,  including  the  whole  basin  of  the  upper  Santa  Ynez,  is  known  as  the  Santa  Barbara  For- 
est Reserve. 
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table  to  admit  of  agricultural  pursuits.     The  greater  portion  of  the 
basin  is  now  included  in  forest  reserves. 


RESERVOIR   SITES. 


JVNCAL  8ITE. 


Mr.  George  Wright  made  surveys  of  the  Juncal  reservoir  site  and 
determined  the  following  capacities: 

Table  14.— Capacities  of  the  Juncal  reservoir  site  for  various  heights  of  dam. 


Ileiffht  of 
dam  in  feet. 

MiUlon  gal- 
lons. 

350 

Acro-feet. 

50 

1,074 

75 

705 

2,164 

100 

1,050 

3,222 

125 

1,437 

4,410 

150 

1,877 

5,760 

175 

2,352 

7,218 

200 

4,000 

12,276 

It  will  be  noted  that  with  a  dam  100  feet  high  the  capacity  of  the 
Juncal  reservoir  is  3,222  acre-feet;  with  a  100-foot  dam  on  the  Mono 
reservoir  site  the  capacity  is  8,763  acre-feet.  The  Mono  site,  there- 
fore, has  2.72  times  the  capacity  of  the  Juncal,  with  the  same  height  of 
dam.  The  Gibraltar  dam,  100  feet  high  above  stream  bed,  will  hold 
6,480  acre-feet.  It  is  believed  that  the  Juncal  reservoir  site  alone  will 
not  furnish  an  adequate  water  supply  to  the  city,  but  when  used  in 
connection  with  other  reservoir  sites  having  greater  drainage  areas 
above  them  it  may  be  of  value.  The  drainage  area  above  the  Juncal 
is  but  13.4  square  miles,  not  23^  square  miles  as  reported  upon  previ- 
ously by  other  engineers.  The  length  of  a  dam  200  feet  high  at  the 
Juncal  would  be  550  feet  on  top,  and  a  100-foot  dam  would  be  272  feet. 

Mr.  Purslow  estimated  that  the  cost  of  building  a  lOO-foot  dam  and 
a  riveted-steel  pipe  line  (which  latter  must  be  considered  as  temporary 
construction)  to  Santa  Barbara  would  be  $282,450.  He  also  states 
that  the  run-off  from  the  drainage  basin  of  the  Juncal  was  measured 
in  the  winter  of  1895-96  and  that  it  amounted  to  2,455  acre-feet.  On 
the  other  hand,  it  is  estimated  in  this  report  (see  p.  53)  that  the  run- 
off of  the  Juncal  in  1895-96  was  only  520  acre-feet  from  13  square 
miles — a  figure,  therefore,  apparently  overconservative.  However, 
there  probably  was  a  flood  in  January,  1896,  as  the  rainfall  for  that 
month  was  6.84  inches  at  Santa  Barbara  and  probably  9  inches  in  the 
drainage  basin  of  the  Juncal.  This  may  have  produced  a  rather 
abnormal  flood  condition.     As  Mr.  Purslow  gives  no  details  of  his 
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work,  not  even  the  length  of  time  of   his  observations,  his   results 
can  not  be  accepted  as  conclusive. 

Mr.  Wright  states  tliat  the  rock  at  this  dam  site,  which  is  quite 
similar  to  the  formation  prevailing  throughout  this  region,  weighs  149 
pounds  per  cubic  foot.  In  this  estimate  this  rock  has  been  considered 
as  weighing  150  pounds  per  cubic  foot,  as  determined  at  various  points 
along  the  Coast  Range  by  geologists.  Masonry  work  made  therefrom 
is  taken  to  weigh  143  pounds  per  cubic  foot. 

MAIN  BITEK  SITE. 

The  Main  River  reservoir  site  was  investigated  by  Mr.  Purslow. 
This  also  was  surveyed  by  W.  B.  Clapp  for  the  Geological  Sur\^ey. 
We  find  that  a  dam  65  feet  in  height  would  have  a  storage  capacity 
of  1,311,000  gallons,  or  4,023  acre-feet,  to  the  65-foot  flow  line.     Figs. 


FiQ.  2.— Main  River  reservoir  site. 


2  and  3  show  the  reservoir  and  dam  sites.  The  Mono  reservoir 
site  with  water  held  to  the  75-foot  level  would  have  a  capacity  of 
3,968  acre-feet.  The  Main  River  dam,  however,  would  contain  verj- 
much  more  masonry  and  be  more  expensive  than  the  Gibraltar  or 
the  Mono  dam.  A  dam  75  feet  high  at  the  Main  River  site  would 
be  592  feet  long  on  top  and  427  feet  long  on  the  base.  At  the  Mono 
dam  site  a  dam  75  feet  high  would  be  277.5  feet  long  on  top  and 
150  feet  long  at  the  bottom.  The  Gibraltar  is  still  more  favorable. 
With  an  85-foot  rock-fill  dam  at  the  Mono  the  cost  per  acre-foot 
of  capacity  is  $36,  while  at  the  Main  River  site  with  a  65-foot  con- 
crete dam  the  cost  is  about  $154  per  acre-foot  of  capacity,  depend- 
ing on  depth  of  bed  rock. 
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Mr.  Purslow  states  that  it  would  require  a  tunnel  1,'»,500  feet  long 
to  pass  through  the  Santa  Ynez  Range  to  the  coast  side  and  that 
the  estimated  cost  of  developing  this  work  would  be  $.')57,000.  It 
is  believed  that  a  shorter  location  can  be  found.  The  width  of 
canyon  covered  by  debris  at  the  Main  River  dam  site  is  so  great 
and  the  depth  to  bed  rock  so  uncertain  that  it  is  impossible  to  give 
even  an  approximate  estimate  of  the  cost  of  this  dam.  It  must  be 
of  masonry,  as  it  will  have  to  be  an  overflow  weir.  If  bed  rock  is 
taken  as  25  feet  below  the  bed  of  the  creek,  it  may  cost  $620,000 
for  the  dam  alone. 


The  effort  has  not  been  made  in  this  report  to  go  into  the  details 
of  these  estimates  of  cost  for  the  Main  River  and  Juncal  reservoir 
sites.  The  reservoir  sites  are  owned  by  the  Santa  Barbara  City 
Water  Company.  It  is  believed,  however,  that  if  the  city  of  Santa 
Barbara  constructs  a  tunnel  through  the  Coast  Range,  in  order  to 
lead  the  water  from  the  lower  reservoir  sites  to  the  city,  the  con- 
struction by  some  one  of  the  Juncal  or  Main  River  reservoir  sites 
may  ultimately  follow.  This  tunnel  is  a  very  large  element  in  the 
coat  of  the  work,  and  will  require  by  far  the  greater  length  of  time 
to  construct.  It  must  be  so  located  as  to  permit  the  water  from 
all  the  sites  to  be  led  through  it  by  gravity  to  the  coast,  and  its 
capacity  must  be  su^lcient  to  accommodate  all  of  tlie  water. 
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Table  15. — Area  and  contents  of  Main  River  reservoir. 

[Survey  by  W.  B.  Clapp.] 


Contour. 

1,400 
1,470 

Acres. 

Acre-feet  be- 
tween con- 
tours. 

Total  acre-feet 
to  contour. 

Capacity  in 

millions  of 

gallons. 

0.33 
2.68 

15.05 

15.05 

5 

1,480 

14.38 

85.30 

100.35 

33 

1,490 

30.45 

224.15 

324.50 

lOf) 

1,500 

71.50 

510.20 

834.70 

272 

1,510 

120.19 

958.90 

1,793.60 

581 

1,520 

154.69 

1,374.40 

3, 168. 00 

1,032 

1,530 

187.66 

1,711.75 

4, 879. 75 

1,590 

1,540 

222.06 

2, 048.  60 

6, 928.  35 

2,357 

6,928.35 

1 

75-foot  flow-line  capacity=5,904.05  acre-fcM^t. 
Depth  of  bed  rock  unknown. 


Sca'e 
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Fio.  4.— Mono  reservoir  sita. 


LI  PPI  SCOTT.) 


RESKRVOIR   SITES 


71 


BLUE  CANTON  SITK. 

The  Blue  Canyon  reservoir  site  is  situated  in  what  is  known  as 
Blue  Canyon,  which  dischargees  into  the  Santa  Ynez  a  short  dis- 
tance above  the  Main  River  reservoir  site.  It  is  a  good  reservoir 
site,  but  as  the  drainage  basin  is  only  8  square  miles  it  is  not  con- 
sidered feasible  to  fill  it  from  its  tributary  natural-water  supply. 
The  Blue  Canyon  reservoir  site  is  between  Santa  Ynez  River  and 
the  crest  of  Santa  Ynez  Mountains.  The  length  of  tunnel  from  this 
reservoir  site  to  the  coast  side  would  be  10,500  feet.  To  fill  it  from 
Santa  Ynez  River,  in  addition  to  building  this  long  tunnel,  would 
be  too  expensive  a  proposition  to  justify  the  construction. 

MONO  SITE. 

A  detailed  and  careful  survey  was  made  of  the  Mono  reservoir 
and  dam  site  by  Mr.  W.  B.  Clapp,  of  the  hydrographic  branch  of 
the  Geological  Survey.  Fig.  4  shows  the  results  of  these  sur- 
veys, and  PI.  IV,  By  is  a  view  of  the  site.  The  following  table  gives 
the  capacity : 

Table  16. — Area  and  coTiterUs  of  the  Mono  reservoir  site, 

[Survey  by  W.  B.  Clapp.] 


('ontour. 

Area  in 
acres. 

(•apacity  in 
acre-feet  l)e- 
twecn  con- 
tours. 

Total  capacity 
in  acre-feet. 

Capacity  in 

millions  of 

gallons. 

1,410.0 
1,450.0 

0 

1.2 

1,460.0 

1,461.2 
1,470.0 
1,480.0 

10.6 

«  94. 0 

59.0 
209.0 

00.0 
174.0 
580.0 

31.2 
49.9 

57 
189 

406.0 

1,490.0 

71.3 

606.0 

1,186.0 

386 

1,500.0 

98.1 

847.0 

2,  a33. 0 

662 

1,510.0 

125.  4 

1,117.5 

3, 150.  5 

1,026 

1,520.0 

1&*.0 

1 ,  447. 0 

4,597.5 

1,498 

1,530.0 

199.5 

1,817.5 

6,415.0 

2,090 

1,.W0.0 

251.  4 

2, 2.54.  5 

8, 669.  5 

2,825 

"  Below  outlet. 

Total  capacity  in  acre-feet 8, 763.  5 

Capacity  below  outlet 1 94. 0 

Capacity,  above  outlet 8, 669.  5 

Elevation  of  creek  bed 1 ,  440. 0 

Elevation  of  outlet 1 ,  461 .  2 

Depth  of  bed  rock  unknown. 
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This  reservoir  site  has  tributary  to  it  a  drainage  area  of  1 19  square 
miles.  The  creek  passes  first  through  a  large  flat  and  then  through 
a  narrow  gorge.  It  is  an  unusually  good  reservoir  site  for  southern 
California,  but  the  dam  site  is  poor.  If  the  tunnel  which  the  city 
is  now  running  is  continued  at  a  grade  of  one-tenth  of  a  foot  rise  to 
100  feet  horizontal,  the  elevation  of  the  north  portal  of  the  timnel 
on  the  datum  plane  that  has  been  used  will  be  1,457.2  feet."  We 
may  assume  that  a  conduit  leading  from  the  reservoir  site  to  the 
portal  of  the  tunnel  would  descend  approximately  4  feet  in  grade, 
giving  an  approximate  elevation  of  the  outlet  from  the  reservoir 
as  1,461.2  feet,  or  21.2  above  the  bed  of  the  stream  at  the  reservoir 
site.  This  is  not  of  material  consequence,  as  it  is  usually  the  case 
with  reservoir  sites  that  the  first  20  or  30  feet  above  the  bed  of  the 
stream  at  the  dam  site  has  very  limited  storage  capacity.  Thus 
the  total  storage  capacity  to  the  100-foot  flow  Une  at  the  Mono 
reservoir  site  is  8,763.5  acre-feet  and  the  capacity  below  the  outlet 
is  but  94  acre-feet,  so  that  the  net  capacity  above  this  outlet  with  a 
100-foot  dam  would  be  8,669.5  acre-feet,  or  99  per  cent  of  the  total. 

DISCHARGE. 

Measurements  of  the  flow  of  the  Mono  during  the  winter  of  1902-3 
were  made  daily,  and  the  discharge  for  the  season  was  found  to  be 
as  follows: 

Table  17. — Estimated  morUhly  discharge  of  Mono  Creek  at  the  dam  site  for  season  of  19<i2S. 

[From  daily  measurements.] 


1902. 


July 

August 

September 
October . . . 
November 
December. 


0 
0 
0 
0 
173 
12 


.  January  . 

February 
I  March . . . 

April 


June  . . 
Season 


676 

3S9 

1,84.5 

4,sao 

799 

220 


8^4 


The  mean  rainfall  at  Santa  Barbara  is  16.78  inches;  for  the  last 
season  it  was  20.45  inches.  Although  the  precipitation  was  in 
excess  of  the  mean,  the  rainfall  was  not  delivered  in  such  manner 
as  to  produce  large  stream  discharge  and  in  the  opinion  of  local 
residents  the  streams  were  below  normal.  The  five  preceding  years 
were  all  below  the  mean  in  precipitation,  so  that  a  larger  portion  of 
the  water  than  usual  was  absorbed  by  the  ground.     These  measure- 


«  For  more  detailiHl  statement,  see  p.  40. 
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ments  of  the  streams  should  be  continued  so  that  the  height  of  dam 
may  be  inteUigently  proportioned  to  the  probable  water  supply. 
(See  table  12,  p.  53,  showing  estimated  volumes  of  flow  annually.) 

CONTENTS  AND  COST  OF  DAMS. 

Two  types  of  dam  for  the  Mono  site  have  been  considered.  The 
rock  on  the  sides  of  the  canyon  at  this  dam  site  is  sandstone  and 
shale,  the  stratification  being  practically  vertical  and  the  strike  at 
right  angles  to  the  direction  of  the  stream  flow.  PI.  IV,  ^,  shows 
the  character  of  this  rock  at  the  left  abutment,  which  is  the  best. 
It  weighs  approximately  150  pounds  to  the  cubic  foot,  and  could  be 
quarried  in  sizes  and  forms  suitable  for  the  work  on  the  dam.  The 
abutments  are  much  better  at  the  Mono  dam  site  than  at  the  Main 
River  dam  site,  but  not  so  good  as  at  the  Gibraltar.  Spillway 
opportunities  occur  at  the  right  abutment  for  the  accommodation 
of  flood  discharges  when  the  reservoir  may  happen  to  be  full.  The 
dam  is  considered  in  each  instance  to  be  10  feet  above  the  elevation 
of  its  spillway,  so  as  to  prevent  the  water  overtopping  the  structure. 
The  depth  to  bed  rock  is  not  known.  The  most  serious  item  in 
connection  with  the  construction  of  the  dam  is  probably  the  trans- 
portation of  suppUes  and  materials  to  the  site.  In  case  the  dam 
should  be  a  cement,  masonry,  or  concrete  structure  there  would  be 
a  large  amount  of  cement,  which  is  a  heavy  material,  to  be  hauled 
to  the  reservoir  site.  The  masonry  dam  is  believed  to  be  the  better 
form  of  construction,  but  because  of  considerations  of  economy  the 
cost  of  the  rock-fill  type  of  dam  has  been  computed. 

These  supplies  for  a  rock-fill  dam  would  probably  be  hauled  by 
teams  up  Santa  Ynez  River  from  the  end  of  the  railroad  at  Ballard, 
a  distance  of  40  miles,  or  possibly  through  the  tunnel  when  it  is  com- 
pleted. The  wagon  road  w'ould  be  poor  for  the  last  10  miles,  but 
the  grades  easy.  In  the  original  estimate  for  this  dam  made  for 
the  city  of  Santa  Barbara  all  material  was  considered  as  hauled 
by  wagon  to  the  dam  site  for  both  forms  of  structure.  Since  then 
(January  1,  1903)  the  manufacture  of  native  cements  has  reduced 
the  price  of  this  constituent  materially. 

The  rock-fill  may  be  the  better  type  for  this  point  because  of  its 
greater  economy.  As  the  volume  of  material  that  would  have  to 
be  brought  in  for  construction  purposes  would  be  relatively  small 
as  compared  with  a  masonry  dam,  it  probably  would  not  be  advisable 
to  provide  for  transportation  through  the  tunnel  for  il,  as  would 
be  necessary  if  a  masonry  dam  were  built.  The  estimates  are  there- 
fore made  upon  this  assumption.  Fig.  5  shows  a  plan  for  a  110-foot 
rock-fill  dam  and  fig.  6  a  plan  for  a  subsidiary  earthen  dam. 
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All  engineers  connected  with  these  inveati^^tions  have  declared 
that  it  is  quite  necessary,  hefore  preparing  an  accurate  report  and 
estimate  on  the  reservoir  sites,  to  know  the  position  of  bed  rock 
at  the  place  where  the  structure  is  to  rest,  and  have  recommended 
that  these  explorations  should  be  carried  out  in  connection  with 
this  present  investigation.  It  has  been  found  impossible,  however, 
lit  this  writing,  to  supply  the  funds  to  make  this  examination,  and 
consequently  the  estimate  must  he  taken  with  latitude  in  this  r^ard. 


In  the  case  of  the  rock-fill  dam,  it  could  rest  properly  and  safely 
upon  the  present  bowlder-covered  bed  of  the  canyon,  but  it  would 
be  necessary  to  carry  down  to  bed  rock  on  the  upper  slope  an  apron 
wall  to  cut  off  the  underflow  beneath  the  dam.  This  wall  would 
be  connected  with  a  portion  of  the  apron  of  the  dam  above  ground 
in  order  to  make  it  completely  tight.  It  should  be  S  feet  thick  at 
iUi  base  and  4  feet  thick  on  top  at  the  ground  surface,  so  that  for  a 
loose-rock  dam  there  would  not  be  a  great  quantity  of  material  to 
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be  removed  from  the  bed  rock,  and  the  amount  of  cement  used  would 
be  small 

In  the  case  of  a  concrete  or  masonry  dam,  however,  the  whole 
structure  would  have  to  go  down  to  the  bed-rock  foundation,  which 
would  have  to  be  exposed  and  thoroughly  cleaned.  In  estimating 
on  the  concrete  dam  it  has  been  assumed  that  bed  rock  for  the 
entire  width  of  the  canyon  is  20  feet  beneath  the  surface  of  the 
ground.  At  a  point  some  200  or  300  feet  below  the  dam  site  a  ledgie 
of  material  projecting  well  out  into  the  canyon,  over  which  the  stream 
flows,  has  the  appearance  of  being  bed  rock  or  ledge  matter  in  pla<-t-. 
It  is  not  known,  however,  whether  it  extends  completely  across  the 
stream. 

An  85-foot  rock-fill  dam  at  the  Mono  reservoir  site  would  contain 
75,480  cubic  yards  of  loose  rock,  which,  it  is  considered,  could  he 
quarried  from  cliffs  that  are  favorably  situated  for  $1  per  cubn 
yard.  Each  yard,  so  thrown  into  the  fill,  would  make  1 J  yards  of 
fill;  consequently  a  figure  of  60  cents  per  cubic  yard  has  bee:i 
accepted.  A  dry-laid  wall  2  feet  in  thickness  on  the  upper  face  of 
the  dam  is  provided  for,  upon  which  the  asphalt-concrete  apron  will 
be  laid.  The  upper  toe  wall  is  carried  down  to  bed  rock  in  iU 
bed  of  the  stream,  4  feet  thick  on  top,  8  feet  at  base,  and  20  feet  high. 
On  the  sides  of  the  dam  this  wall  is  also  estimated  upon  to  seal  the 
asphalt-concrete  to  the  abutments.  The  asphalted  concrete  will 
be  put  on  IJ  feet  tliick,  of  broken  stone,  gravel,  sand,  and  asphalt, 
the  latter  being  brought  from  quarries  on  the  lower  Santa  Ynez. 
The  section  of  this  dam  will  be  20  feet  wide  on  top,  with  a  very 
flat  slope  of  IJ  feet  horizontal  to  1  foot  vertical  on  the  upper  face 
and  11  feet  to  1  foot  on  the  lower  face.  This  flat  slope  is  given  to 
the  upper  face  so  that  there  will  be  no  movement  in  the  asphalt 
apron.  The  asphalt  also  would  be  rammed  into-  the  crevices  of  the 
dry-laid  wall  on  which  it  rests. 

The  spillway  provisions  are  of  vital  importance  in  a  rock-fill  dam. 
The  maximum  flood  that  was  ever  measured  on  Sweetwater  River 
since  the  dam  was  constructed  there,  some  fifteen  years  ago,  was  1»*^ 
cubic  feet  per  second  for  each  square  mile  of  the  drainage  basin.  A 
flood  discharge  of  Piru  Creek  was  measured  at  Henderson's  ranch  on 
December  18, 1894,  of  43  cubic  feet  per  second  per  square  mile  of  drain- 
age area.  On  Arr6yo  Seco,  a  tributary  of  the  Salinas  in  Monterey 
County,  on  November  21,  1900,  a  flood  of  140  second-feet  per  square 
mile  was  observed.  The  rainfall,  however,  in  the  drainage  basin 
of  Arroyo  Seco  is  exceedingly  heavy.  For  the  purposes  of  this  report 
we  have  assumed  a  flood  of  130  second-feet  per  square  mile  of  drain- 
age area,  or  a  total  flood  discharge  of  15,470  second-feet,  filling  the 
spillway  to  within  3  feet  of  the  top  of  the  dam.  Before  the  spillway 
would  be  filled  to  the  top  of  the  dam  the  flood  would  have  reached 
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26,420  cubic  feet  per  second,  or  222  second-feet  per  square  mile  of 
drainage  basin.  The  spillway  would  be  251  feet  long  and  the  bottom 
of  it  would  be  10  feet  below  the  crest  of  the  dam.  It  would  be 
excavated  from  the  rock  at  the  right  abutment  of  the  dam. 

A  20-inch  pipe  has  been  estimated  upon,  leading  from  the  Mono 
reservoir  site  to  the  intake  of  the  long  tunnel  through  Santa  Ynez 
Range  of  mountains.  The  aggregate  cost  of  reservoir  and  pipe  line 
to  long  tunnel  is  $140,700,  or  $36  per  acre-foot  of  capacity. 

In  estimating  upon  the  length  of  tunnel  line  through  the  Coast 
Range  to  this  reservoir  site  we  have  accepted  the  present  tunnel  site 
and  assumed  that  the  tunnel  is  to  be  completed  on  an  angle  line, 
or  in  such  manner  as  to  avoid  the  property  of  all  owners  other  than 
the  city  of  Santa  Barbara.  On  this  basis  there  would  still  be  15,006 
linear  feet  of  tunnel  to  run,  at  an  estimated  cost  of  $12  per  linear 
foot. 

Estimate  for  85'foot  rock-fiU  dam  at  Mono  reservoir  site. 

[Capacity  3,880  acrc-feot.] 
DAM. 

75,480  cubic  yards  of  loose  rock,  at  60  cents  per  yard $45, 288 

2,500  cubic  yards  of  dry-laid  wall  (upper  face),  at  $1  (extra) 2, 500 

Upper  toe  and  side  wall  to  bed  rock 16, 500 

Asphalt-concrete  face  1 J  feet  thick,  1 ,861 .2  cubic  yards,  at  $8 14, 890 

Outlet  tunnel,  gates,  and  tower 10, 000 

SpUlway 20,000 

Clearing  reservoir 2, 460 

20-inch  pipe  line  to  long  tunnel  7,000  feet  from  reservoir,  capacity 

189  inches : 10,710 

Engineering,  5  per  cent 6, 117 

Contingencies,  10  per  cent 12, 235 

Total  ($36  per  acre-foot) $140,700 

TUNNEL. 

15,006  linear  feet  of  tunnel  through  Santa  Ynez  Range,  via  angle  line, 

at  $12  per  foot $180,072 

Road  up  Santa  Ynez  River 5, 000 

Engineering,  5  per  cent 9, 254 

Contingencies,  10  per  cent 18, 507 

Total 212,833 

Grand  total 353,533 

An  estimate  is  also  presented  of  the  cost  of  building  a  rock-fill 
dam  at  the  Mono  to  an  elevation  of  110  feet  above  the  bed  of  the 
stream,  impounding  the  water  to  the  100-foot  flow  line.  The  con- 
ditions would  be  the  same  for  the  construction  of  this  dam  as  in 
the  case  of  the  85-foot  dam,  except  that  a  second  small  earthen 
dam  would  have  to  be  built  to  close  another  opening;  this  is  referred 
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to  as  the  subsidiary  dam.  With  the  rock-fill  type  of  dam  it  would 
be  quite  feasible  to  increase  the  height,  raising  the  dam  to  such  new 
elevation  as  might  be  desired. 

Estimate  for  a  110-foot  rock-ftU  dam  at  Mono  reservoir  sit*. 

m 

[Capacity  8,670  acre-foet,  200  miner's  incties  constant  flow.] 

142,535  cubic  yards  of  loose  rock,  at  60  cents  per  yard $85, 521 

3,733  cubic  yards  of  dry-laid  wall,  at  SI  (extra) 3, 733 

Upper  toe  and  side  walls 18, 099 

Asphalt-concrete  face  1 J  feet  thick,  2,772  cubic  yards,  at  $8 22, 176 

Outlet  tunnel,  gates,  and  tower 10, 000 

Spillway 20,000 

Clearing  reservoir,  257  acres,  at  $15 3, 855 

Pipe  line  to  long  tunnel,  7,000  linear  feet,  capacity  366  inches 12, 880 

25,745  cubic  yards  earth  in  subsidiary  dam 7, 724 

Engineering,  5  per  cent 9, 199 

Contingencies,  10  per  cent 18, 399 

Total  ($24.40  per  acre-foot) S211,5??S 

Tunnel  through  Santa  Ynez  Mountains,  as  above 212.  S3? 

Grand  total 424,419 

An  estimate  is  also  given  for  a  masonry  dam  85  feet  high  at  the 
Mono  reservoir  site.  This  dam  would  be  12  feet  wide  on  top,  with  a 
slope  of  2  to  1  on  the  lower  side  and  20  to  1  on  the  upper  side.  Tb 
masonry  would  be  made  of  hydraulic  cement,  which  would  be  hauleii 
through  the  finished  tunnel.  The  outlet,  tower,  spillway  provisioIl^, 
and  clearing  reservoir  would  be  the  same  as  in  the  case  of  the  rock-fill 
dam.  The  total  cost  of  a  dam  of  this  class,  including  the  20-inch  pipe 
line  to  the  long  tunnel,  would  be  $361,690,  or  $93  per  acre-foot  of 
storage  capacity.  It  thus  will  be  seen  that  the  masonry  dam  85  feet 
high  would  cost  2.6  times  what  the  loose-rock  dam  would  cost.  This 
is  because  the  latter  would  be  built  of  material  at  hand. 

Estimate  for  86-foot  masonry  dam  at  the  Mono  reservoir  site. 

[Capacity,  3,880  acre-foet.] 

6,612  cubic  yards  masonry  below  surface  of  ground,  at  $15  (includes 

excavation) $99, 180 

22,955  cubic  yards  masonry  above  ground 172, 163 

Total  for  dam  proper S271 , 3  r> 

Outlet  tunnel,  gates,  and  tower 10.  Oil ' 

Spillway 20,  OH' 

Clearing  reservoir .- 2, 4<<' 

7,000  feet  of  20-inch  conduit,  capacity  189  inches 10. 7H 

Engineering,  5  per  cent 15, 72r> 

Contingencies,  10  per  C4?nt 31 , 4 'il 

Total 361, 6yO 

Cost  per  acre-foot  of  capacity,  $93. 


RESERVOIR  SITES. 


qUIl-KSILTItK  aiNB  BITB. 


A  site  called  the  Quicksilver  mine  reservoir  site  was  discovered 
about  4  miles  below  the  mouth  of  the  Mono.     At  this  point  the  river 


Fia.  s.— Uuicbilvet  mice  nMTVoIr  Blt«. 


passes  through  a  rather 
The  site  itself  is  shown 


V  canyon  of  shale  rock,  shown  ii 
1  PI.  VII.     The  capacity  of  this  r 


lai^,  but  the  dam  site  is  not  satisfactory  because  of  the  absence  of 
suitable  building  material,  and  also  on  account  of  the  character  of 
the  abutments.     Figs.  8  and  9  show  the  reservoir  and  dam  sites. 
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Water  impounded  to  a  depth  of  100  feet  in  this  reservoir  would  be 
flooded  back  a  short  distance  ijito  the  Mono  and  up  the  Santa  Ynez 
above  the  mouth  of  the  Mono.  The  following  is  a  table  of  the  capacity 
of  this  reservoir. 

Table  18. — Capacity  of  Quicksilver  mine  reservoir  site. 


Average  area 
in  acres. 

Caparaty  in  acre-feet. 

Contour. 

Area  in 
acres. 

Between  con- 
tours. 

Total  to  con- 
tours. 

1,300 

0.57 

3.70 

37.0 

37.0 

1,310 

6.83 

12.05 

120.5 

157.5 

1,320 

'    17.28 

26.15 

261.5 

419.0 

1,330 

35.01 

45.66 

456.6 

875.6 

1,340 

56.31 

74.02 

740.2 

1,615.8 

1,350 

91.73 

112.07 

1,120.7 

2, 736. 5 

1,360 

132.42 

143.55 

1,435.5 

4, 172. 0 

1,370 

154.69 

172. 71 

1,727.1 

5,899.1 

1,380 

190.74 

212. 15 

2, 121.  5 

8,020.6 

1,390 

233.56 

255. 69 

2,556.9 

10, 577.  5 

1,400 

277.82 

The  Quicksilver  mine  reservoir  site,  while  of  satisfactory  capacity. 
is  not  considered  a  feasible  proposition  because  of  the  character  of 
the  dam  site. 


GlBttALTAU  81TE. 


DISGHAROE. 


The  Gibraltar  reservoir  site  is  situated  6  miles  below  the  mouth  of 
Mono  Creek  on  Santa  Ynez  River.  The  drainage  area  tributary  to  it 
includes  all  of  the  Mono,  the  main  river  above  the  Mono,  and  17 
square  miles  additional.  The  discharge  as  estimated  from  the  rain- 
fall for  the  seasons  from  1867-68  to  1903-4,  inclusive,  is  shown  in 
table  12  (see  p.  53),  and  as  measured^  for  1902-3  in  table  13  (see 
p.  54).  From  these  it  appears  that  the  discharge  is  from  1.8  to  2.4 
times  as  great  as  that  of  the  Mono. 


CX)NTENTS   AND  COST   OF   DAMS. 


The  reservoir  site,  which  is  shown  in  fig.  10,  Ues  along  a  narrow,  can- 
yon-like valley  with  a  light  grade.  The  dam  site  is  a  rather  pecuhar 
and  unusual  one.  An  anticlinal  fold  of  sandstone,  apparently  uplift^ 
through  the  shales,  has  been  cut  by  the  river  in  a  narrow  gorge,  as 
shown  in  PI.  VIII,  A  and  B.     The  crest  of  this  fold  is  almost  level  and 
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is  approximately  150  feet  above  the  bed  of  the  stream,  so  that  a  dam 
built  slightly  higher  than  the  crest,  or,  say,  155  feet,  will  have  the 
advantage  of  a  natural  spillway  of  great  length  on  the  side  away  from 
the  dam  and  over  solid  rock.  This  is  the  only  dam  site  that  has  been 
found  in  the  upper  portions  of  Santa  Ynez  River  where  the  abutments 
are  of  a  satisfactory  nature  and  where  the  building  material  could  be 
gotten  out  in  such  sizes  and  shapes  as  may  be  desirable  for  the  con- 
struction of  any  type  of  dam. 


Contour  t'ntonfaf  ^Ofoet 
Fig.  10.— Gibraltar  reservoir  site. 


A  det^ermination  of  the  specific  gravity  of  this  rock  has  been  made 
by  weighing  the  rock  first  in  air  and  then  in  water,  which  gave  a 
specific  gravity  of  2.56.  Four  tests  were  made,  ranging  from  2.55  to 
2.57.  This  is  equivalent  to  a  weight  of  160  pounds  per  cubic  foot. 
In  rubble  masonry,  one-third  of  the  bulk  being  mortar  and  two-thirds 
solid  rock,  and  the  mortar  being  considered  as  weighing  103  pounds, 
the  weight  would  be  140  pounds  per  cubic  foot  of  masonry  in  dam. 

The  ledges  are  in  such  a  position  as  to  permit  a  most  economical 
handling  of  material  for  masonry  construction. 

IKR  116—05 6 
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Table  18a. — CapacUy  of  CHbrdUar  reaenxnr  siie. 
[Elevation  of  surface  of  stream  bed,  1,215  feet.] 


[HCUb. 


Capacity  in  acre-feet. 

Contour. 

Area  In 
acres. 

Average  area 
in  acres. 

Between  con- 
tours. 

Total  to  can- 
toun. 

1,215 

0 

2.12 

5.74 

1,220 

1,230 

3.93 

_  —  -._.  —  — 
39.3 

—  --------- 

39.3 

1,240 

13.26 

9.50 

95.0 

134.3 

1,250 

22.67 

17.97 

179.7 

314.0 

1,260 

32.37 

27.52 

275.2 

589.2 

1,270 

50.11 

41.24 

412.4 

1,001.6 

1,280 

66.24 

58.17 

581.7 

1,583.3 

1,290 

90.06 

78.15 

781.5 

2,364.8 

1,300 

119.62 

104.84 

1,048.4 

3,413.2 

1,310 

1SC2.74 

136.18 

1,361.8 

4, 775. 0 

1,320 

188.33 

170.53 

1,705.3 

6.480.3 

1,330 

227.13 

207.73 

2,077.3 

8,557.6 

1,3^0 

271.39 

249. 26 

2, 492. 6 

11,050.2 

1,345 

296.64 

2^.01 

1,420.0 

12, 470. 2 

1,350 

332.75 

314. 70 

1,573,5 

14  043.7 

1,355 

367.07 

349.91 

1,749.6 

15,793.3    ' 

Table  19  shows  the  volumes  of  material  for  a  rock-fill  dam  situ- 
ated at  the  Gibraltar  reservoir  site,  the  upper  slope  to  be  1^  to  1^  the 
lower  slope  IJ  to  1,  the  width  on  top  20  feet,  and  the  height  of  dam 
155  feet,  or  10  feet  above  the  level  of  the  spillway.  The  top  of  the 
crest  is  taken  to  be  at  the  1,360-foot  contour.  Bed-rock  conditions 
are  unknown,  but  for  the  purpose  of  this  estimate  are  assumed  to  be 
at  1 ,205  feet.  Repeated  efforts  were  made  to  provide  for  an  explora- 
tion of  bed  rock  at  this  dam  site,  but  owing  to  financial  condi  ions 
and  negotiations  for  the  purchase  of  the  property  by  the  city  of 
Santa  Barbara  it  was  not  possible  to  arrange  for  this.  The  capacity 
with  this  dam  to  the  1,350-foot  contour  in  the  reservoir  would  be 
14,044  acre-feet.     Fig.  11  shows  the  plan  for  a  155-foot  rock-fill  dam. 

In  the  table  7,444  cubic  yards  are  deducted  from  the  total  esti- 
mated volume  in  the  dam,  as  the  rock  fill  will  go  down  only  to  the 
1,210-foot  contour,  except  where  the  toe  walls  are  located,  where  they 
are  assumed  to  go  as  low  as  the  1,205-foot  contour.  The  excavation 
of  the  spillway  is  taken  at  1,250  cubic  yards,  which  of  course  would 
be  used  in  the  construction  of  the  dam.     The  spillway  could  probably 
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be  made  much  wider,  if  desired,  in  excavating  the  material  for  the 
dam.     In  this  estimate  it  is  taken  as  350  feet  in  width. 

A  dam  of  this  type  is  considered  aa  having  12,083  cubic  yards  in 
asphalt-concrete  face  and  dry-laid  wall,  this  face  to  be  put  on  as 
indicated  in  the  drawing  and  to  be  covered  by  the  dry-laid  wall,  to 
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protect  it  from  the  sun,  so  as  to  prevent  the  movement  of  the  asphalt. 
If  this  volume  is  deducted  from  the  total  yardage  given  in  the  dam, 
in  addition  to  the  deduction  mentioned  above  on  account  of  the  rock- 
fill  dam  not  going  down  to  bed  rock  for  its  entire  length,  the  net 
-volume  of  rock  fill  will  be  233,724  cubic  yards. 
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Table  19. — Volume  in  rock-fH  dam  at  Gtbraltar  dam  sUeA 
[Cai>acity  to '1,350-foot  contour,  14,044  acre-feet.] 


Contour. 


ftl,205 
1,210 
1,220 
1,230 
1,240 
1,250 
1,260 
1,270 
1,280 
1,290 
1,300 
1,310 


Volume  be- 
tween contours 
in  cubic  yards. 

1 

Contour. 

Volume  be- 
tween contoun 
in  cubic  yarda. 

1,320 

1,330 

1,340 

'          1,350 

1          1,360 

15,231 

13,194 

10, 916 

8,148 

4,796 

7,444 
14,713 
16, 648 
19,805 

21,536 
22,185 
21,860 

ToUl. 
Deduct  <^... 

Deduct  rf.. 
Net 

253,251 
7,444 

20,925 
19,981 

245,807 
12,083 

18,768 
17, 101 

233,724 

o  Contents  of  spillway  masonnr  dam  --1,250  cubic  yards.  Spillway  dam,  5  feet  wide  on  top;  0.(6 
to  1  slope  on  upstream  face;  10  lect  down.  7  feet  thick;  15  feet  down,  9  feet  thick;  20  feet  down,  i^ 
feet  thick.  Spillway  is  350  feet  in  width;  in  excavating  for  dam  it  may  be  made  wider,  the  limit  in 
width  l)eing  tne  limit  of  excavations. 

b  Bed  rocK  as  estimated,  but  not  determined. 

cRock  fin  goes  only  to  1,210-foot  contour. 

d  Asphalt  face  and  dry-laid  wall. 

The  hand-laid  facing  on  top  of  the  asphalt-concrete  is  estimate 
to  be  3  i  feet  thick  and  the  asphalt-concrete  IJ  feet,  covered  with 
an  impervious  layer  of  asphalt  two-tenths  of  a  foot  thick.  The  con- 
crete cut-off  wall  at  the  upper  toe  of  the  dam  is  estimated  as  90  feet 
long,  with  a  height  above  assumed  bed  rock  of  5  feet  and  a  thickness 
on  top  of  5  feet,  downstream  vertical,  upstream  with  a  slop>e  of  1  to  5 
and  a  thickness  at  base  of  6  feet. 

The  outlet  system  would  consist  of  a  tower  reaching  from  the 
1,220-foot  contour  to  the  1,360-foot  contour,  a  height  of  140  feet. 
The  internal  diameter  of  the  towel*  would  be  8  feet  at  top  and  the 
thickness  of  wall  2  feet  at  top  and  6  feet  at  bottom,  the  tower  stand- 
ing on  a  solid  concrete  base  5  feet  thick  and  21  feet  in  diameter. 
Following  is  an  estimate  of  the  cost : 

Estimate  of  cost  of  165-foot  rock-fiU  dam  at  original  site  of  Gibraltar  dam. 

Rork  fill,2a3,724  cubic  yards,  at  60  c^nts $140,234.00 

Hand-laid  facing,  8,458  cubic  yards,  at  $1 .60 13, 533. 00 

Asphalt  and  concrete  facing,  3,625  cubic  yards,  at  $8 29, 000. 00 

Cut-off  wall 1,493.00 

Overflow  weir  and  subsidiary  dam,  1 ,250  cubic  yards,  at  19 11, 250. 00 

Clearing  reservoir  site,  333  acres,  at  $25 8,  325l  00 
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Outlet  system: 

Tower,  911  cubic  yards,  at  $9.:j0 $8,472.00 

Inlet  pipes 460. 00 

Valve  rods 860. 00 

Outlet  valves 1,000.00 

Outlet  tunnel,  1,000  feet,  at  $5 5,000.00 

Tower  house  and  bridge 500. 00 

Total  of  outlet  system $16, 292. 00 

220, 127. 00 

Contingencies,  10  per  cent 22, 012. 70 

Engineering,  5  per  cent 11. 006. 35 

Total 253,146.05 

The  rock-fiU  dam  can  be  built  only  to  such  height  as  will  permit 
complete  spillway  opportunities  around  the  end  of  the  dam.  It 
is,  however,  feasible  to  build  a  masonry  dam  thai  will  not  be  the 
full  height,  permitting  the  water  to  waste  over  the  top  of  the  dam 
during  different  stages  of  its  construction.  For  instance,  the  dam 
could  be  built  to  a  height  of  50  or  100  feet,  and  construction  stopped 
until  the  demands  or  desires  of  the  city  should  call  for  its  comple- 
tion; the  final  structure  could  then  be  built  to  its  ultimate  height 
of  approximately  155  feet.  When  the  dam  was  completed  to  its 
full  height  the  overflow  and  waste  water  could  then  be  directed 
through  the  spillways. 

If  such  a  dam  should  be  built  of  cyclopean  rubble  masonry  on  a 
gravity  section  and  also  on  a  curve,  the  top  would  stand  at  the  1,860- 
f oot  contour.  The  estimate  given  below  is  based  on  bed  rock  being 
at  a  depth  of  5  feet  beneath  the  present  stream  bed,  but  it  is  not 
known  what  the  depth  actually  is,  and  the  final  estimates  might 
be  greatly  modified  by  these  conditions.  A  determination  of  this 
point  is  essential  before  beginning  the  construction  of  the  dam  and 
before  the  final  estimate  on  its  cost  can  be  made. 

Three  estimates  have  been  prepared  on  the  assumption  that  the 
dam  win  not  be  built  to  its  full  height  from  the  start.  These  are  for 
dams  95  feet  high,  with  a  capacity  of  3,413  acre-feet,  equivalent 
to  a  continuous  flow  of  4.715  second-feet,  or  236  miner's  inches  per 
annum;  125  feet  high,  with  a  capacity  of  8,558  acre-feet,  equivalent 
to  a  continuous  flow  of  11.82  second-feet,  or  591  miner's  inches  per 
annum;  and  15$  feet  high,  with  a  capacity  of  15,793  acre-feet, 
equivalent  to  a  continuous  flow  of  21.81  second-feet,  or  1,090  miner's 
inches  per  annum. 

These  estimates  of  discharge  are  on  the  assumption  that  the 
reservoir  would  be  filled  by  the  stream  every  year.  This,  however, 
can  not  be  done,  for  in  some  winters  there  will  be  little  more  addi- 
tion to  the  reservoir  than  enough  to  make  up  for  evaporation.  If 
it  is  assumed  that  the  155-foot  dam  is  built,  and  that  its  capacity  is 
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15,793  acre-feet,  and  that  this  will  have  to  furnish  the  supply  of 
water  for  nineteen  montlis,  the  yield  will  be  831  acre-feet  montlJy; 
with  the  reservoir  half  full  the  monthly  loss  by  evaporation  would 
average  about  66  acre-feet,  leaving  765  acre-feet  monthly  for  dis- 
tribution during  the  dry  period,  or  a  continuous  flow  of  13  second- 
feet,  equivalent  to  650  miner's  inches,  or  8,400,000  gallons  daily. 
Putting  it  another  way,  the  flow  will  be  approximately  900  miners 
inches  in  the  summer  time  and  400  miner's  inches  in  the  winter 
time.     Fig.  12  shows  a  plan  of  a  155-foot  masonry  dam. 


\  1 


With  the  lower  size  dam  the  surplus  water  is  considered  as  wasted 
over  the  top  of  the  dam,  and  the  dam  is  made  safe  on  the  gravity 
section  with  10  feet  of  water  passing  over  its  crest;  in  addition  it 
is  to  be  a  curved  dam.  These  same  conditions  will  obtain  with  a 
dam  125  feet  high.  The  155-foot  masonry  dam  is  designed  to  let 
the  surplus  water  pass  tliroiigh  a  spillway,  the  water  standing  within 
5  feet  of  the  top  of  the  dam,  and  the  capacity  being  15,793  acre-feet. 
This  is  a  greater  capacity  than  that  for  the  155-foot  rock-fill  dam. 
because  with  the  rock-fill  dam  greater  safety  in  spiUway  capacity 
would  be  required,  and  this  type  would  have  to  be  built  at  least  10 
feet  above  the  level  of  the  spillway.  Figs.  13,  14,  and  15  give  sec- 
tions of  the  dams  considered.  In  the  estimates  masonry  weighing 
140  pounds  per  cubic  foot  is  used. 
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Fio.  13.— Section  of  masonry  dam  for  Gibraltar  reservoir  based  on  concrete  weigiiing  130  pounds  per 

cubic  foot. 
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Fio.  14.— Section  of  masonry  overflow  weir  dam  based  on  masonry  weighing  140  pounds  per  cubic  foot. 

The  following  is  an  estimate  on  three  types  of  dams: 

Estimate  of  cost  of  95'}oot  masonry  overflow  dam  located  at  louder  site  of  Gibraltar  dam. 

[Capacity  3,413  acre-feet.] 

Masonry,  15,331  cubic  yards,  at  $7 $107,317.00 

Excavation  to  bed  rock,  1 ,280  cubic  yards,  at  $2.50 3, 200.  (X) 

Clearing  reservoir,  120  acres,  at  $25 3, 000.  U» 

Outlet  system,  tower,  gates,  tunnel,  etc 9, 971 .  VO 

123, 488.  no 

Contingencies,  10  per  cent 12, 348.  M) 

Engineering,  5  per  cent 6, 174. 40 

Total 142,011.20 

Cost  per  acre-foot  of  capacity,  $41.61, 
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Fig.  15.— Section  of  masonry  dam  based  on  masonry  weighing  HO  pounds  per  cubic  foot. 

Estimate  oj  cost  of  12f)-loot  masonry  m^erflow  dam  located  at  lower  site  oj  Gibraltar  dam. 

[Capacity  HJutS  acro-fwt.] 

Masonry,  27,971  cubic  yards,  at  $7 $195, 797. 00 

Kxcavation  to  bed  rock,  1,579  cubic  yards,  at  $2.50 3, 948. 00 

Clfaring  reservoir,  227  acres,  at  $25 5, 675. 00 

Outlet  system,  tunnel,  gates,  tower,  etc 13, 000.  00 


218.420.00 
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Ck>ntiiigencie8, 10  per  cent $21, 842.00 

Engineering,  5  per  cent 10, 921. 00 

Total 261,183.00 

Cost  per  acre-foot  of  capacity,  $29^. 

Egtimate  of  cost  of  165-foot  rruuonry  dam  heated  at  lower  site  of  GUtmUar  dam. 

Masonry  in  dam,  42,250  cubic  yards;  masonry  in  spillway,  833  cubic  yards; 
masonry  in  protection  wall,  56  cubic  yards;  total  masonry,  43,139  cubic 

yards, at $7 $301,973  0) 

Excavation  to  bedrock,  1,731  cubic  yards, at $2.50 4,328. OH 

Clearing  reservoir,  350  acres,  at  $25 ^ .         8, 750. 00 

Outlet  system,  tower,  gates,  tunnel,  etc 16, 292. 00 

331,343.00 

Contingencies,  10  per  cent 33, 134. 30 

Engineering,  5  per  cent 16, 567. 1.^ 

Total 381,014.45 

The  flood  discharge  from  these  drainage  basins  is  considered  in  the 
discussions  of  the  spillway  for  the  Mono  reservoir  site.  Taking  a  maxi- 
mum flood  discharge  of  130  cubic  feet  per  second  per  square  mile  from 
the  entire  207  square  miles  that  are  tributary  to  the  Gibraltar  reser- 
voir site,  the  spillway  of  600  feet  in  length  would  be  running  full  and 
the  water  passing  3i  feet  deep  over  the  top  of  the  masonry  dam. 
This  would  be  a  most  extraordinary  flood,  and  it  is  believed  that  the 
dam,  with  the  gravity  section  that  it  has,  in  addition  to  its  arched 
shape,  would  stand  this. 

In  the  case  of  the  125-foot  dam  such  a  flood  would  pass  over  the 
crest  of  the  dam  9 J  feet  deep,  and  the  dam  is  designed  to  withstand 
with  safety  an  overflow  of  10  feet  on  a  gravity  section  without  the  aid 
of  its  curved  shape. 

For  the  95-foot  dam  under  similar  conditions  the  depth  of  water 
would  be  11  feet. 

TUNNELS  TO  GIBRALTAR   SITE. 

Because  of  its  elevation  and  location  it  will  not  be  possible  to  use 
the  old  city  tunnel  in  Cold  Spring  Canyon  in  reaching  the  Gibraltar 
reservoir  sife.  The  elevation  of  the  surface  of  the  water  at  the 
Gibraltar,  with  a  dam  155  feet  high,  is  1,360  feet  above  sea  level,  and 
the  estimated  elevation  of  the  northern  end  of  the  old  Cold  Spring 
Canyon  tunnel  at  its  northern  portal  would  be  1,457  feet.  The  loca- 
tion also  is  not  suitable  for  the  Gibraltar  site.  Because  of  these  facts, 
a  new  tunnel  location  was  sought  as  an  outlet  for  the  Gibraltar  res- 
ervoir site.  The  triangulation  was  extended  so  as  to  cover  the  dis- 
tance intervening  between  Mission  Canyon  and  the  Gibraltar  dam 
site,  and  it  was  found  that  a  tunnel  from  Mission  Can  von  to  the  Gibraltar 
would  be  19,560  feet  in  length,  and  from  Rattlesnake  Canyon  to  the 
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Gil)raltar  it  would  be  20,763  feet  in  length.  The  length  necessary  to 
complete  the  old  tunnel  from  Cold  Spring  Canyon  through  to  Santa 
Ynez  is  14,901  feet.  It  must  be  remembered,  however,  that  the  old 
tumiel  has  very  irregular  grades,  that  the  cross  section  of  it  is  not 
uniform,  and  that  the  aligmnent  is  irregular.  In  addition  to  that,  the 
present  heading  is  5,000  feet  from  the  portal,  so  that  the  total  length 
of  the  Cold  Spring  Canyon  tunnel,  if  completed,  would  be  19,901 
feet.     Because  of  these  irregularities  in  the  old  tunnel  and  the  dis- 


Fio.  16.— Section  of  now  Santa  Barbara  tunnel  in  solid  rock. 

tance  in  from  the  heading,  it  has  been  estimated  that  the  cost  to  com- 
plete it  would  be  at  the* rate  of  $12  a  foot;  the  total  cost  of  completing 
it,  building  roads,  engineering,  etc.,  having  been  previously  estimated 
at  $212,833  (seep.  77). 

The  following  is  an  estimate  of  the  cost  of  building  the  Mission  or 
the  Rattlesnake  tunnel.^ 


n  since  writing  the  above, contracts  have  been  entercrl  into  for  the  construction  of  the  Mission  Can- 
yon tunnel  line  at  a  figure  slightly  below  this  estimate  (see  p.  43).  Figs.  10  and  17  show  sections  of 
this  tunnel. 
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Fio.  17.— Section  of  new  Santa  Barbara  tunnel  in  loose  rock. 

« 

Estimate  of  cost  oj  building  Mission  Canyon  tunnel. 
[Length  based  on  triangulation  by  L.  M.  Hj'de.] 

19,560  linear  feet,  at  $10  per  linear  foot $ia5,flOO 

Road  up  Santa  Ynez  River 2,  .'^ 

Road  up  Mission  Canyon 2,  .W 

Engineering,  5  per  cent 10, 030 

Contingencies,  10  per  cent 20,  OtiO 


Total  estimated  cost 1 230,090 

Estimate  of  cost  oj  building  Rattlesnake  Canyon  tunnd. 
[I>ength  based  on  triangulation  by  L.  M.  Hyde.] 

20,763  linear  feet,  at  $10  per  linear  foot $207, 630 

Road  up  Santa  Ynez  River 2, 500 
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Koad  up  Rattlesnake  Canyon )3, 500 

Engineering,  5  per  cent 10, 682 

Contingencies,  10  per  cent 21 ,  363 

Total  estimated  cost 245, 675 

V0HPAKI80N  OF  GIBRALTAR  AND  MONO  8ITE8. 

In  order  to  compare  the  costs  of  the  combined  tunnel  and  reservoir 
for  the  Gibraltar  site  and  for  the  Mono  site,  the  following  table  is 
given: 

Table  20. — Comparative  estimates  of  dams  and  tunnel  lines  at  GibraUar  and  Mono. 

GIBRALTAR. 

95-foot  masonry  overflow  dam  (3,413  acre-foot,  at  W1.61 ) $142, 012 

19,560  feet  of  tunnel  (Mission  line) 230,690 

ToUl 372,702 

125-foot  masonry  overflow  dam  (8,558  acre-feet,  at  $29.35) 251, 183 

19,560  feet  of  tunnel  (Mission  line) 230, 690 

Total 481,873 

155-foot  masonry  dam  (15,793  acre-feet,  at  $24.13) 381 ,  044 

19,560  feet  of  tunnel  (Mission  line ) 230, 690 

Total 611,734 

155-foot  rock-fill  dam  (15,793  acre-feet,  at  $16.02) 253, 146 

19,560  feet  of  tunnel  (Mission  line) 230, 6r,0 

Total 483,836 

MONO. 

85-foot  rock-fiU  dam  (3,880  acre-foot,  at  $36) 140, 700 

15,006  feet  of  tunnel 212,833 

Total 353,  533 

110-foot  rock-fiU  dam  (8,670  acre-foot,  at  $24.40) 211,  r;86 

15,006  feet  of  tunnel 212, 833 

Total 424,419 

85-foot  masonry  dam  (3,880  acre-feet,  at  $93.22) 361, 6€0 

15,006  feet  of  tunnel.... 212,8:33 

Total 574,520 

The  masonry  dam  is  the  better  form  of  construction  for  a  storage 
reservoir.  In  addition  the  abutments  at  the  Gibraltar  reservoir  site 
are  much  more  secure  and  satisfactory  than  at  the  Mono  site.  The 
water  supply  is  more  than  twice  as  great  at  the  Gibraltar  as  at  the 
Mono  and  its  quality  is  better. 

Making  the  comparison  for  masonry  dams,  it  will  be  seen  that  the 
cost  for  the  155-foot  masonry  dam  at  the  Gibraltar  site  would  be 
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$24.13  per   acre-foot   of   water   impounded,  while  for  the  85-foot 
masonry  dam  at  the  Mono  site  it  would  be  $93.22  per  acre-foot. 

With  a  125-foot  masonry  dam  at  the  Gibraltar,  the  capacity  of  the 
reservoir  would  be  8,558  acre-feet,  and  the  total  estimated  cost  of 
the  dam  and  tunnel  would  be  $481,873. 

A  110-foot  rock-fill  dam  at  the  Mono  would  have  a  capacity  of 
8,676  acre-feet,  and  with  the  completion  of  the  Cold  Spring  tunnel 
would  cost  $424,419,  which  is  less  than  the  cost  of  the  Gibraltar  12.5- 
foot  dam.  The  Gibraltar  dam,  however,  would  undoubtedl3'  be  safer, 
have  fully  twice  the  water  supply  available  for  dry  years,  and  would 
furnish  better  water.  These  things  considered,  there  can  be  no  douht 
whatever  that  it  is  advisable  to  construct  the  Gibraltar  dam  with  the 
Mission  Canyon  tunnel,  rather  than  the  Mono  site  with  the  comple- 
tion of  the  Cold  Spring  Canyon  tunnel. 

The  real  governing  factor  in  the  entire  situation  is  the  quantity 
and  quaUty  of  the  water,  and  on  this  basis  there  can  not  be  any 
doubt  that  the  Gibraltar  site  is  far  the  better.  During  the  wint-er  of 
1902-3  the  total  discharge  of  Mono  Creek  at  the  Mono  reservoir  site 
was  8,934  acre-feet,  while  at  the  Gibraltar  it  was  21,202  acre-feet,  or 
2.4  times  as  much.  In  addition  the  situation  is  such  at  the  Gibraltar 
site  that  the  masonry  dam  can  be  gradually  built  higher  as  the 
demand  of  the  city  for  a  greater  water  supply  grows,  while  there 
are  distinct  limitations  to  the  construction  of  a  higher  dam  at  the 
Mono  site. 

FINANCIAL  STATEMENT. 

The  financial  results  to  be  expected  from  the  expenditure  of  the 
money  necessary  to  build  the  work  above  referred  to  are  not  exten- 
sively considered,  because  it  is  not  so  much  a  question  of  whether 
these  works  can  be  constructed  at  a  commercial  profit  as  it  is  a 
question  of  how  much  it  will  cost  to  get  an  adequate  water  supply 
for  the  locality.  It  goes  without  saying  that  if  the  coast  district 
is  to  continue  to  grow  it  must  have  water,  and  the  only  question 
is  whether  this  can  be  obtained  at  reasonable  cost. 

The  output  from  this  system  should  be  IJ  milUon  gallons  daily 
for  10,000  people.  On  page  25  it  is  shown  that  in  order  to  meet 
the  worst-known  drought  of  nineteen  months  and  dehver  150  gallons 
daily  for  10,000  persons,  plus  the  evaporation,  a  storage  capacity  of 
3,518  acre-feet  is  required.  This  is  on  the  assumption  that  all  of 
the  water  must  come  from  the  reservoir  and  none  can  be  obtained 
from  the  tunnels  or  streams  on-  the  south  side  of  the  range,  a  condi- 
tion which  the  writer  believes  never  will  exist,  but  which  he  assumes 
for  safety.  At  the  Gibraltar  site  a  dam  95  feet  high  will  practically 
accomplish  this  at  a  cost  for  dam  and  tunnel  of  $372,702.  Aasumirg 
an  interest  rate  of  4^  per  cent  on  this  cost,  we  shall  have  an  annual 
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fixed  charge  of  $16,772.  The  works  will  all  be  permanent.  Con- 
struction and  maintenance  charges  should  be  very  low,  say  $4,000 
per  annum.  Operation  should  not  be  over  $2,000.  This  gives  a 
total  annual  chaise  of  $22,772  for  547  miUion  gallons,  or  a  maximum 
of  4.1  cents  per  1,000  gallons  delivered  at  the  intake  of  the  domestic 
system.  As  the  dam  is  increased  in  height  the  cost  per  unit  of 
siorage  and  the  proportional  charge  for  the  tunnel  will  rapidly 
decrease  with  the  resulting  increased  supply.  With  a  dam  155 
feet  high  on  the  above  basis  the  cost  per  thousand  gallons  would 
be  1.1  cents.  The  long  tunnel  will  undoubtedly  also  itself  con- 
tribute a  material  supply  to  the  city.  Mr.  Canfield,  the  president 
of  the  Santa  Barbara  Water  Company,  states  as  follows : 

Water  is  now  sold  in  Santa  Barbara  at  the  rate  of  about  16  cents  per  thousand  gallons 
to  the  city  for  street-sprinkling  purposes  (at  the  rate  of  $35,000  per  year  for  1  second-foot), 
and  to  private  consumers  at  from  20  cents  to  25  cents  per  thousand  gallons,  which  are 
moderate  rates  as  compared  with  those  realized  in  some  other  cities  in  this  State,  and  it 
is  believed  that  although  the  development  of  the  business  in  the  future  may  justify  some 
reduction  of  rates,  an  average  rate  of  15  cents  per  thousand  gallons  at  least  can  be  calculated 
upon. 

This  is  certainly  a  very  reasonable  charge  for  water  in  southern 
California.  The  lowest  meter  rate  known  in  the  State  (that  of  the 
city  of  Los  Angeles)  is  9  cents  per  1,000  gallons  delivered  to  the 
consumer.  Of  course,  there  must  be  an  intermediate  charge  for 
distribution  system  and  administration  which  comes  after  the  water 
is  dehvered  to  the  mains. 

Both  Mr.  Wright  and  Mr.  Purslow  considered  the  construction  of 
these  storage  reservoirs  as  a  profitable  investment  from  a  commer- 
cial standpoint.  If  the  water  was  delivered  free  at  sea  level  to  the 
city,  it  would  cost  two-thirds  as  much  for  fuel  alone  (say  2.7  cents), 
with  triple-expansion  engines,  to  pump  it  to  the  city  reservoir  as  it 
-would  to  obtain  it  from  this  contemplated  system  of  storage  reser- 
voirs. If  interest,  depreciation,  and  services  are  considered  it  would 
cost  more  to  pump  it. 

There  would  undoubtedly  also  be  a  very  considerable  element  of 
profit  that  might  be  derived  from  the  water  power  available  from 
the  supply,  since  the  elevation  of  the  southern  portal  of  the  tunnel 
is  approximately  1,200  feet  and  the  elevation  of  the  domestic  reser- 
voirs only  350  feet. 

The  result  of  the  construction  of  the  long  tunnel  probably  will 
be  the  construction  of  the  dam  to  the  maximum  height  commen- 
surate with  the  water  supply  of  Santa  Ynez  River  by  tlie  city,  or 
by  other  parties  who  might  make  arrangements  with  the  city  for 
carrying  water  through  this  long  tunnel.  This  should  be  a  condi- 
tion that  the  city  would  encourage.^    The  water  not  required  by  the 

a  Since  writing  the  above  the  city  has  entered  inte  a  contract  with  the  Santa  Barbara  Water  Com- 
pany to  permit  oi  auoh  a  use  of  the  city  tunnel  by  the  company. 
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municipality  would  be  used  in  developing  and  irrigating  the  beau- 
tiful coast  plain  near  Montecito  or  in  other  adjoining  localities. 
The  improvement  of  this  region  would,  of  course,  add  to  the  pros- 
perity of  the  county  and  city  of  Santa  Barbara. 

In  this  report  estimates  on  right  of  way  have  not  been  included. 

COXCJAT810N8. 

In  conclusion  it  may  be  stated — 

(1)  That  the  only  extensive  addition  that  can  be  made  to  the 
water  supply  of  the  Santa  Barbara  coastal  plain  is  by  the  construc- 
tion of  a  tunnel  from  Santa  Ynez  River  to  the  coast  side  of  the 
mountains  and  the  building  of  an  impounding  reservoir  for  the 
holding  of  the  winter  flood  waters  of  Santa  Ynez  River. 

(2)  That  by  far  the  most  desirable  point  on  Santa  Ynez  River 
for  this  construction  is  the  Gibraltar  reservoir  site. 

(3)  That  the  water  can  be  delivered  at  a  reasonable  cost  for  both 
irrigation  and  domestic  use  to  Santa  Barbara  and  vicinity  from  tlib 
site,  and  the  construction  is  beUeved  to  be  entirely  justified  and 
commercially  feasible. 
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Department  of  the  Interior, 

United  States  Geoi/)gical  Survey, 

IIydrographic  Branch, 
Washington^  D,  C,^  June  18^  1901^. 
Sir  :  I  have  the  honor  to  transmit  herewith  a  report  by  Prof.  F.  A. 
Wilder  on  the  lignite  of  North  Dakota  and  its  relation  to  irrigation, 
and  recpmmend  that  it  be  published  in  the  series  of  Water-Supply 
and  Irrigation  Papers. 

The  investigation  on  which  this  report  was  based  was  carried  on 
under  the  charge  of  Mr.  N.  H.  Darton  as  a  part  of  the  general 
investigation  of  the  underground-water  resources  of  the  western 
portion  of  the  United  States.  It  is  thought  that  the  information  con- 
tained in  the  paper  will  be  of  interest  in  connection  with  the  under- 
ground-water resources  of  North  Dakota. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcoti^, 

Director  United  States  Geological  Survey, 
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MAP  OF  WESTERN  PART  OF  NORTH  DAKOTA. 


THE  LIGNITE  OF  NORTH  DAKOTA  AND  ITS  RELATION 

TO  IRRIGATION. 


Bv  F.  A.  Wilder. 


iXTRODUCTION. 

The  areas  most  favorably  situated  for  irrigation  in  North  Dakota 
are  the  broad  terraces  along  the  Missouri  and  its  tributaries.  These 
streams  are  deeply  intrenched,  and  it  does  not  seem  possible  by  means 
now  available  to  raise  water  from  them  a  vertical  distance  of  from 
150  to  400  feet  over  the  bluffs  that  rather  sharply  bound  the  broad 
valleys. 

\\Tien  the  Yellowstone  enters  the  State  it  has  a  fall  per  mile  of 
only  2.7  feet,  while  the  Missouri's  gradient  for  an  equal  distance  is 
about  2  feet.  A  fall  of  1  foot  per  mile  is  necessary  to  carry  water  in 
an  irrigating  ditch,  so  that  to  raise  water  40  feet  above  the  Missouri 
would  require  a  ditch  40  miles  long.  The  tributaries  of  the  Missouri 
have  gradients  somewhat  higher,  but  the  flats  along  them  are  cut  up 
by  the  meandering  of  the  streams,  and  conditions  are  not  favorable 
for  long  lateral  ditches  or  extensive  reservoirs. 

On  account  of  the  fertile  terraces  in  the  vallevs  of  the  streams, 
ranging  from  15  to  100  feet  in  elevation  al)ove  water  level,  and  the 
abundance  of  lignite  along  them,  it  seemed  desirable  to  consider  the 
possibility  of  irrigating  the  250,000  acres  included  in  the  stream 
terraces  by  pumping  from  the  rivers  directly,  using  lignite  as  fuel. 
The  lignite  area,  therefore,  has  been  studied,  and  the  nature  of  the 
lignite  beds  investigated.  Practical  tests  have  been  made  to  deter- 
mine the  value  of  this  material  as  fuel  for  generating  steam,  and  com- 
l^iitations  have  been  made  to  ascertain,  at  least  in  a  rough  way,  the 
cost  of  irrigating  river  flats  which  are  less  than  100  feet  above  the 
i-,ti*eams.  The  Missouri  and  its  tributaries  in  North  Dakota  have 
l>LM»n  followed,  and  the  extent  and  elevation  of  the  river  flats  and  the 
amount  and  quality  of  the  lignite  netir  them  have  been  noted. 

If  only  a  small  fraction  of  the  western  part  of  the  State  is  under 
irrigation,  the  productiveness  of  the  whole  region  will  be  greatly 
increased.  Every  river  valley  contains  land  which  may  be  considered 
with  reference  to  irrigation  possibilities.  With  a  few  acres  Avhich 
cull  be  watered  at  will,  and  abundant  range  for  cattle  in  the  broken 
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or  rolling  land  back  of  the  valley,  ten  families,  by  combining  farniiijj! 
with  cattle  raising,  will  prosper  where  one  finds  a  living  now.  Then* 
conditions  will  lay  a  sure  foundation  for  the  dairying  industry,  whidi 
should  be  one  of  the  foremost  of  the  State. 

LIGNITE  AREA  IN  NORTH  DAKOTA. 

Wliile  thin  beds  of  lignite  have  been  recognized  in  the  eastern  part 
of  the  State  and  have  been  previously  described,**  the  only  workaMe 
l)eds  east  of  the  center  of  the  State  are  in  the  Turtle  Mountain^  am! 
at  the  southern  bend  of  the  Sheyenne  River,  about  25  miles  southea>i 
of  Valley  City,  the  Turtle  Mountains  being  an  outlier  of  the  ligiiiie 
area  proper.  The  region  in  which  lignite  may  reasonably  be  ex[x*fti  •! 
to  be  found,  and  which  is  discussed  in  this  bulletin,  may  be  roughl} 
bounded  on  the  east  bj^  a  line  beginning  jat  the  northern  boundary  of 
the  State,  30  miles  east  of  the  Minneapolis,  St.  Paul  and  Sault  Stt. 
Marie  Railway,  and  extending  southeast  to  Harvey,  thence  ^niu 
through  Steele  to  the  southern  boundary.  More  careful  study,  aidtiJ 
by  well  borings,  which  will  doubtless  be  made  as  the  country  i>  hI 
tied,  will  perhaps  shift  this  line  at  certain  points  30  or  40  miles  ea-: 
or  west.  On  the  north,  south,  and  west  the  lignite  continues  beyoii'l 
the  boundaries  of  the  State.  This  region  is  of  very  great  extern, 
having  an  area  equal  to  half  of  that  of  the  State  of  Ohio. 

It  is  highly  probable  that  lignite  does  not  exist  in  beds  of  workabU 
thickness  in  every  part  of  this  region,  but  it  is  equally  probable  tha; 
the  fraction  of  the  area  lacking  lignite  in  beds  of  three  or  more  f*vi 
in  thickness  is  a  small  one,  not  more  than  one-fifth  of  the  whole,  lii 
the  southeastern  portion  of  the  area,  about  the  lower  part  of  Canu<»„ 
ball  River,  thick  beds  seem  to  be  lacking.  Where  heavy  beds  an 
j^resent,  all  may  not  be  available,  either  on  account  of  depth  or  M»iuf 
difficulty  in  mining,  and  throughout  the  eastern  portion  of  the  n»iri»H' 
they  are  so  thoroughly  concealed  by  glacial  drift  that  without  a 
knowledge  of  the  underlying  formations  and  of  the  surroundin:: 
country  their  existence  w'ould  be  unsuspected. 

The  restriction  of  the  term  liffnite  area  to  the  resrion  in  whi«' 
Avorkable  l^eds  of  lignite  are  found  greatly  simplifies  the  strati^rriipL' 
series  and  limits  this  section  to  a  consideraticm  of  the  Laramie  and  ih- 
glacial  drift. 

The  Laramie,  which  is  the  latest  stage  of  the  Cretaceous,  contain- 
all  of  the  w  orkable  lignite  in  North  Dakota.     Early  students  of  i* 
field  referred  part  of  the  lignite  beds  to  the  "  Fort  Union  "  on  paletT 
tologic  grounds.     Reasons   for   retaining   the   distinction    have   i- 


"  Upham,  ^^al•^en,  The  glacial  liiike  Agassiz  :  Mon.  V.  S.  (Jeol.  Survey,  vol.    25,   l"**-^' 
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seemed  adequate,  and  the  effort  may  well  be  abandoned.  The  Laramie 
is  found  over  the  region  previously  outlined  as  the  lignite  area, 
though  its  eastern  border  is  buried,  often  deeply,  by  glacial  drift. 
The  difference  in  elevation  of  its  deposits  actually  exposed  within 
the  State  is  at  least  1,400  feet.  Its  greatest  thickness,  shown  with 
certainty  by  the  well  at  Medora  to  be  more  than  2,000  feet,  occurs  in 
the  western  part  of  the  State,  while  its  vertical  extent  gradually 
decreases  toward  the  east  till  at  the  edge  of  the  Coteau  du  Missouri 
it  drops  off  sharply,  beyond  which  it  continues  as  a  relatively  thin 
series.  The  Laramie  consists  of  clays,  sands,  sandstone,  lignite,  and 
thin  bands  of  hematite,  clay  ironstone,  and  shaly  limestone. 


OCCURRENCE   OF   THE   LIGNITE. 

The  numerous  natural  exposures  of  lignite  in  the  driftless  area  and 

the  remarkably  fine  opportunity  to  study  the  Laramie  strata  given 

by  the  badlands  make  it  possible  to  draw, 

vvew  from  a  preliminary  study  of  the 

region,  rather  far-reaching  conclusions 

in   regard  to  the  nature  of  the  lignite 

hods.     Five    well-developed    beds    out- 

<-rop  in  the  bluffs  of  the  Little  Missouri 

at  Medora  and  nuiy  be  traced  for  miles 

both    north    and    south    of   this    point. 

^Vlouir*  the  Missouri  south  of  Williston 

five  or  six  beds  show  in  a  single  section 

and   can  be  traced   for  long  distances. 

while  on  the  Fort  Berthold  Reservation 

nine  well-developed  beds  occur  in  a  sin- 

ijle  exposure.     The  w^ells  at  Medora  and 

l)ickins<m,  a  record  of  which  is  given  in 

fi<r.  1.  show  an  even  greater  number  of 

!>eds.     Near  the  eastern  edge  of  the  lig 

iiite  area  the  number  of  beds  is  greatly 

reduced,   but   even    here   two   or   three 

(•xist  at  certain  points,  though  generally 

!)iit  one  is  workable. 

On  account  of  the  nature  of  the  beds, 
considered  in  a  later  paragraph,  their 
number  does  not  remain  constant 
through  large  areas,  and  it  is  possible. 

though  hardly  probable,  that  at  a  few  localities  in  the  heart  of  the  lig- 
nite area  a  prospect  hole  might  pass  completely  through  the  Laramie, 
and  not  encounter  a  single  lignite  bed.    This  variation  in  numl)er 


Depth  946* 


Fio.  1.— Diagram  of  lignite  l)ed8  be- 
tween Medora  and  Dickinson,  N. 
Dak.,  by  N.  H.  Darton. 
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and  thickness  of  beds,  often  within  comparatively  short  distance, 
will  be  a  factor  of  gi*eat  practical  importance  in  opening  up  on  a 
large  scale  a  new  lignite  field.  In  the  first  place,  it  will  increase  the 
number  of  prospect  holes  that  must  be  sunk  to  determine  the  amount 
of  available  coal  in  a  given  area.  To  offset  this,  however,  are  a  num- 
ber of  conditions  which  make  prospecting  unusually  easy. 

Thickriess  of  beds, — The  lignite  beds  in  North  Dakota  vary  in  thick- 
ness from  an  inch  to  40  feet.  This  maximum  thictkness,  which  wii< 
carefully  measured  in  the  summer  of  1902,  occurs  at  an  outcrop  in  set*. 
31,  T.  135,  R.  101,  which  will  be  described  in  connection  with  the  liir- 
iiite  on  Little  Missouri  River.  Three  beds  that  reach  a  thickness  of 
25  feet  are  known,  while  beds  15  feet  thick  are  not  uncommon.  In 
the  western  part  of  the  State  beds  2  and  3  feet  thick  are  so  common 
that  in  this  report  it  is  not  practicable  to  note  them  minutely. 

Extent  of  heda, — As  important  from  an  economic  point  of  view  a^ 
their  thickness  is  the  question  of  their  persistence  lateralh\     Atten- 
tion was  directed  to  this  point,  and  the  elevation  of  beds  was  noteil  in 
order  to  correlate,  if  possible,  the  beds  exposed  at  one  point  with  tho^- 
at  another.     Generally  such  a  correlation  of  beds  distant  from  on»» 
another  a  number  of  miles  was  impossible  on  account  of  variation?^  in 
thickness  and  elevation.     A\Tiile  a  single  bed  was  often  traced  for  .*> 
or  ()  miles  along  the  banks  of  the  Little  Missouri,  another  seen  at  xhv 
same  time  might  thin  out  and  give  place  to  othei-s  above  or  below. 
The  interrupted  bed  might  begin  again  farther  on  after  a  break  of 
half  a  mile  or  more,  the  lignite  meanwhile  being  replaced   ]>y  a 
bituminous  or  a  nearly  pure  clay.     The  deduction,  which  early  in  the 
work  seemed  true,  that  certain  horizons  in  the  Laramie  are  much  richtT 
in  lignite  than  others  was  not  l)orne  out  by  later  observations.      For  a 
given    locality    the    statement    holds    good,  but    a    horizon     whioli 
abounds  in  lignite  at  one  point  may  l)e  barren  in  another.     A  strikin;i 
instance  of  the  rapid  thinning  out  of  a  bed  is  given  by  the  40-foi>t 
bed  already  referred  to,  which  within  one-fourth  of  a  mile  decrease^ 
to  17  feet,  the  top  and  bottom  drawing  together  like  the  surfaces  of 
a  lense.     Sufficient  work  has  been  done  at  one  point  near  Minot  to 
demonstrate  the  persistence  of  a  thick  bed  beneath  the  greater  part 
of  a  township,  but  this  seems  to  be  the  exception  rather  than  the  riilo. 
X.  H.  Darton  has  suggested  a  correlation  of  the  beds  encountereil  ii. 
the  wells  at  Medora  and  Dickinson,  but  as  the  distanc<e  between  the:^ 
points   is  39  miles,  and  lignite  beds  vary  so  greatly  in  order  and  con- 
tinuity, the  identity  of  the  beds  can  not  be  established. 

Variations  in  fuel  valve  in  a  single  bed. — A  majority  of  the  IknI- 
examined  and  tested  show  no  great  difference  in  fuel  value  from  tt»p 
to  bottom.    In  some  instances,  however,  the  differences  in  the  com- 
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position  of  the  lignite  in  a  given  l)ed  are  considerable.  Not  infre- 
quently the  upper  foot  or  two  are  inferior,  and  are  left  for  roof  in 
mining.  The  loss  in  this  case  is  not  as  great  as  might  l^e  expected, 
for  it  is  often  more  economical  to  leave  coal  for  a  roof  than  to  timl^er. 
When  the  lignite  lies  directly  under  the  glacial  drift,  as  at  the 
Ilanchett  mine,  10  miles  southwest  of  Velva,  the  upper  portion  show^s 
deterioration.  Shalv  lavers  sometimes  occur,  which  if  mixed  witli 
the  coal  from  the  rest  of  the  bed  raise  the  percentage  of  ash  for  the 
whole  very  considerably.  Sulphur  in  any  form  is  present  commonly 
only  in  traces.  Iron  nodules,  which  prove  so  annoying  to  the  oper- 
ator of  mining  machines  in  the  East,  do  not  occur  in  the  lignite, 
and  there  are  no  hindrances  to  the  use  of  drills  and  undercutting 
machinery. 

Variations  in  fuel  value  in  different  beds: — The  chemical  analyses 
of  70  samples  from  as  man}^  beds,  given  on  pages  17  and  18,  throw  light 
on  the  fuel  value  of  lignites  from  as  many  parts  of  the  State.  Sam- 
ples were  not  taken  from  beds  that  were  obviously  too  thin  or  too 
impure  to  be  of  economic  value,  but,  on  the  other  hand,  all  analyses 
made  are  given,  whether  favorable  to  the  lignite  or  not.  The  lignites 
taken  as  a  whole  will  probably  average  better  than  the  samples 
analyzed  indicate,  for  in  many  cases  fresh  material  could  not  be 
obtained,  and  the  weathering  on  the  surface  of  a  natural  exposure  is 
sufficient  to  lessen  the  carbon  values  for  some  feet  from  the  surface. 
In  the  discussion  which  follows,  lignites  which  are  reported  as  good 
have  between  40  and  50  per  cent  of  fixed  carbon  and  not  more  than 
8  per  cent  of  ash. 

Possibilities  of  coal  at  greater  depths, — There  are  no  theoretical 
considerations  to  support  the  rather  common  notion  that  at  greater 
depths  a  higher  grade  of  coal  exists.  The  analyses  of  the  coals  found 
by  the  railroads  in  the  deep  drillings  in  the  western  part  of  the  State 
have  not  been  examined,  but  as  these  borings  were  made  some  years 
ago  and  no  development  work  has  followed,  the  inference  seems  fair 
that  bituminous  coal  in  significant  quantities  was  not  found. 

A  popular  fallacy  in  regard  to  lignite, — The  belief  so  often  ex- 
pressed that  lignite  beds  outcropping  on  slopes  arc  certain  to  thicken 
is  hard  to  account  for.  AA^hile  in  manv  cases  the  beds  doubtless  thicken 
away  from  the  outcrop,  the  reverse  will  as  often  prove  true.  The 
lignite  beds  being  in  general  lens-like,  it  is  impossible  without  drill- 
ing to  determine  whether  the  r  ^tcrop  represents  a  section  near  the 
edge  of  the  lens  or  across  the  center.  If  the  outcrop  represents  a 
section  near  the  edge  of  the  lens  the  lignite  will  thicken  as  the  drift 
^oes  into  the  hill  or  bank  till  the  center  of  the  lens  is  reached,  while 
i  f  it  is  across  the  center  the  lignite  will  become  thinner. 
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OUTPUT  OF  LIGNITE  IN  1902. 

Following  is  a  summary  of  the  output  of  the  lignite  of  North 
Dakota  mines  in  1902 : 

Summary,  by  cminties,  of  lignite  output  for  190S. 


County. 


Billings  .  - 
Burleigh  _ 
Emmons  . 
Mercer . . . 
Morton  . . 
McLean . . 

Oliver 

Stark 

Ward 

Williams. 


Total 


Loaded  at 

mine  for 

shipment. 


Short 
tons. 


120,000 


30.000 


45,000 
57, 800 


Sold  to 

local 

trade. 


Short 
tons. 

5,000 

10,000 

'  1,000 

3,000 

5,000 

4,000 

3,000 

10, 000 

19,000 

3,000 


Total 
product. 


Short 
tons. 

5,000 
130,000 

1,003 

3,000 
35,000 

4,000  ! 

3,000 
55,000  ' 
76,800 

3,000 


Averap- 
Total  value,  j     ^^ 
per  toe. 


$4,000 

169, 000 

2,750 

2,400 

45, 000 
5,200 
2,400 

66,000 
107, 520 

24,000 


315, 800       428, 270 


l.SiJ 
2. 7.-i 

.?«» 

1.30 

l.:)0 

1.2i"» 
1.40 


FUEL.  A^ A  TATE  OF  NORTH  DAKOTA  LIGNITE. 

The  fuel  value  of  a  given  lignite  will  vary  considerably  with  the 
conditions  under  which,  and  the  purpose  for  which,  it  is  used.  In 
one  connection  it  may  be  e^steemed  highly  and  in  another  have  no 
value  at  all.  Out  of  this  fact  grows  the  diversity  of  opinion  in 
regard  to  a  number  of  well-known  lignites  of  the  State.  A  lignite 
whose  value  as  a  steam  coal  is  very  high  may  not  prove  suitable  for 
certain  kinds  of  stoves.  An  actual  case  will  serve  well  for  illustra- 
tion. In  two  localities  lignite  from  seams  that  are  high  in  a.sh, 
due  to  admixture  of  clay,  are  highly  valued  for  heating  purposes. 
because  the  clay  enables  them  to  stand  up  well  and  prevents  slack- 
ing. Judged  by  ordinary  standards  these  lignites  are  \evy  inferior. 
These  recognized  standards  are:  The  amount  of  fixed  c4irl)on  and 
the  ])ercentage  of  ash  that  the  lignite  contains,  the  result  given  by  the 
calorimeter,  and  the  amount  of  water  that  a  given  amount  of  ligrnite 
w^ill  evaporate.  Of  the  three  tests  the  last  is  the  most  satisfactory. 
The  lignites  have  been  tested  in  accordance  with  these,  as  well  as  in 
a  variety  of  practical  ways,  and  a  brief  statement  of  results  is 
appended. 
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LABORATORY  TESTS. 
CHEMICAL  PROPERTIES  OF  LIGNITE. 

Fixed  carbon, — The  average  amount  of  fixed  carbon  in  26  samples 
of  North  Dakota  lignite  analyzed  in  1900,  when  thoroughly  dried, 
was  52  per  cent.  Sixty  samples,  after  thorough  drying,  gave  51.21 
per  cent  of  fixed  carbon.  Compilations  of  analyses  of  41  samples 
of  West  Virginia  bituminous  coal  show  67.10  per  cent  of  fixed 
carbon;  22  samples  of  the  l^etter  grades  of  semibituminous  dry  coals 
of  Maryland  show  75.99  per  cent ;  and  26  samples  of  dry  bituminous 
coal  from  Pennsylvania  show  67.97  per  cent.  Judged  by  the  fixed 
carbon  alone  the  heating  power  of  North  Dakota  lignite  is  76  per 
cent  of  that  of  West  Virginia  bituminous,  65.9  per  cent  of  that  of 
Maryland  semibituminous,  and  74.4  per  cent  of  that  of  Pennsyl- 
vania bituminous.  These  figures  show  that  the  North  Dakota  lig- 
nites rank  far  above  the  coals  that  are  the  average  representatives  of 
this  class. 

With  respect  to  fixed  carbon,  the  lignite  of  North  Dakota  appears 
to  be  equal  to  the  product  of  the  Western  Interior  coal  field  (which 
includes  Iowa,  Missouri,  and  Kansas).  According  to  a  recent  United 
States  Geological  Survey  report,<»  the  amount  of  fixed  carbon  in  12 
samples  from  the  Western  Interior  field,  computed  on  a  dry  basis, 
averages  about  50  per  cent.  The,se  coals,  however,  have  a  somewhat 
higher  evaporative  power  than  the  lignites. 

Volatile  matter, — The  average  amount  of  volatile  matter,  exclusive 
of  water,  computed  from  60  analyses  of  different  lignite  coals,  is 
35.63  per  cent.  When  the  fixed  carbon  alone  is  considered  as  deter- 
mining the  fuel  value  of  a  coal  the  worth  of  the  volatile  matter  is 
overlooked.  Under  proper  conditions  these  gases  may  be  made  to 
develop  a  great  deal  of  heat,  and  no  appliances  which  aim  at  an 
economical  combustion  of  lignite  can  afford  to  disregard  them. 

Ash, — ^The  percentage  of  ash  in  the  60  samples  is  generally  low, 
the  average  amounting  to  8.5  per  cent.  By  deducting  4  inferior 
samples,  the  average  will  be  lowered  to  7.5  per  cent.  Compared 
with  coals  of  the  Iowa,  Missouri,  and  Kansas  region,  lignites  are 
notably  purer.  In  the  ash  from  some  North  Dakota  coals  there  is  a 
tendency  to  form  clinkers,  due  to  the  presence  of  clay,  but  generally 
the  lignite  burns  like  wood,  leaving  a  gray  powdery  residue. 

Sulphur, — ^The  percentage  of  sulphur  in  the  lignites  is  usually 

'  BalD»  H.  Foster,  Western  Interior  coal  field :  Twenty-second  Ann.  Rept.  U.  S.  Geol. 
Surrey,  pt.  3»  1902,  pp.  333-366. 
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low — miicli  lower  than  in  most  bituminous  coals.     The  following 
samples  are  faixly  representative : 

Percentage  of  sulphur  in  North  Dakota  Kgnites. 

Lehigh    mine 0.  SS 

Washburn  mine .J»l 

Forty-foot  vein,  Billings  County 1-1<» 

Electric  mine,  Kenmare ^ .?> 

Davis  mine  (Mouse  River  Lignite  Company) .X. 

The  sulphur  in  these  analyses  was  determined  in  dry  coal,  which 
brings  the  percentage  one-fourth  higher  than  for  lignite  fresh  from 
the  mine.  A  yellow  powder  composed  of  calcium  sulphate  and  iron 
oxide  often  occurs  in  the  upper  part  of  lignite  seams  and  in  color 
and  texture  resembles  sulphur. 

The  average  of  (>0  tests  shows  that  the  lignite  contains  35.01*  p**r 
cent  of  volatile  matter  and  about  30  per  cent  of  moisture.  Several 
service  tests  of  lignite  show  it  to  have  an  evaporative  power  of 
4.2  pounds  of  water  from  and  at  212°  F.  per  pound  of  fuel.  Thi> 
amount  is  Ih»1ow  the  average  test,  but  it  is  the  amount  used  in  compu- 
tations for  fuel  value,  and  is  75  per  cent  of  that  of  Iowa  coal  and  Td 
per  cent  of  that  of  the  Missouri  product. 

PHYSICAL   PROPERTIES   OF    LIGNITE. 

Moisttire, — In  a  far  larger  measure  than  is  the  case  with  bitumin- 
ous coal,  the  physical  properties  of  lignite  must  be  kept  in  mind  in 
considering  its  fuel  value.  A  series  of  analyses  subsequently  quoted 
shows  that  lignite  fresh  from  the  mine  contains  30  per  cent  of  mois- 
ture, in  which  respect  samples  taken  from  various  parts  of  the  State 
differ  but  slightly.  AVhen  shipped  under  ordinary  conditions  and 
in  the  usual  manner,  the  lignite  reaches  the  engine  room  with  nearly 
all  of  its  moisture.  Small  Siimples  that  are  more  or  less  exposed  to 
the  air  for  two  months  reach  the  laboratory  with  from  10  to  20  per 
cent  of  moisture,  as  shown  by  the  following  tables,  which  give  anal 
yses  of  specimens  in  which  no  special  effort  was  made  to  prevent 
drying. 

The  expense  of  shipping  this  moisture  and  its  effect  on  the  heatin«r 
properties  of  the  lignite  are  points  worthy  of  careful  stud^^  and  ex- 
periment. The  general  opinion  of  those  burning  lignite  is  that  if 
the  lignite,  in  drying,  did  not  fall  te  pieces,  becoming  so  fine  that  it 
was  apt  to  go  through  the  grates,  there  would  be  great  economy  in 
burning  it  after  drying,  and  that  in  those  devices  where  powdere^l 
or  fine  coal  is  used  the  dry  lignite  presents  a  material  saving  over  the 
"  given."  Theoretically,  it  would  seem  that  this  should  be  the  case, 
for  the  heat  necessary  to  volatilize  the  30  per  cent  of  moisture  would 
be  saved,  and  there  is  no  apparent  reason  for  a  material  loss  of  the 
volatile  gases  in  drying. 
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In  any  case,  if  the  coal  could  be  dried  before  shipping  and  eco- 
nomically burned  after  drying,  the  freight  charges  would  be  reduced 
nearly  one-third. 

The  so-called  slacking  of  lignite  is  the  process  of  crumbling  that 
it  undergoes  when  drying.  It  probably  loses  none  of  its  fuel  value 
in  consequence,  and  there  is  probably  a  gain  in  this  respect  due  to 
the  absence  of  the  moisture.  Special  conditions  are  necessary,  how- 
ever, to  bum  this  fine  coal  advantageously,  the  danger  being  that  it 
will  fall  through  the  grate  or  be  blown  out  through  the  stack. 

ANALYSES   OF  SAMPLES  OF  LIGNITE. 


Analyses  of  lignite  fresh  from  mine. 
[Fixed  carbon,  volatile  matter,  and  ash  computed  on  dry  basia.] 


Mine  and  location. 


Mouse  River  Lignite  Co.,  Bnrlington: 

4  feet  from  bottom 

Top 

16  inches  above  clay  seam 

Lower  20  inches 

Electric  mine,  Kenmare: 

4  feet  from  floor 

3  feet  from  floor. _ _ . . 

Bottom 

Top 

Diamond  mine,  Kenmare: 

Top 

Center .  _ 

Lower  18  inches 

Dakota  Lignite  and  Brick  Co. ,  near  Bnrlington 

New  Era  mine,  near  Minot .  _ 

Smith-Kenmare  Dry  Coal  Co.: 

Next  to  clay _ 

Next  to  roof 

1  foot  below  roof .  _ _ 

Wadeson  mine,  Sims 

Lehigh  mine. _ 

Satterlnnd  mine,  near  Washbnm 

Washburn  mine,  at  Wilton 

Dickinson  Brick  Co 

On  Heart  River,  near  Dickinson 

Consolidated  Coal  Co.,  New  Salem 


Fixed 
carbon. 

Volatile 
matter. 

Ash. 

'Moisture. 

51.28 

35.83 

11.89 

1 

32.00 

46.42 

32. 60 

20.98 

30.00 

47.36 

42.14 

10.50 

29.40 

52.96 

38.93 

8.11 

34.70 

57.95 

ft 

34. 41 

7.64 

32.90 

59.19 

36.56 

4.25 

35.00 

56.58 

34.44 

6.98 

34.80 

56.87 

36.58 

6.55 

34.80 

52.98 

37.24 

9.78 

33.00 

56.82 

33. 77 

9.41 

33.00 

56.97 

36.28 

6.75 

33.60 

55.61 

40.08 

4.30 

23.40 

57.66 

38.22 

4.12 

33.60 

55. 55 

36.79 

7.67 

33. 20 

52.30 

39.90 

7.80 

32.00 

55.25 

33. 50 

11.25 

32.60 

50.47 

39.21 

10.32 

30.29 

51.62 

43.18 

5.21 

34. 30 

55.89 

37.50 

6.61 

30.91 

54.93 

38.75 

6.32 

31.82 

46.89 

38. 23 

14.88 

27.82 

60.49 

38.31 

1.20 

14.25 

53.86 

41.66 

4.48 

27.48 
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Analyses  of  lignite  partly  dried. 
[Fixed  carbon,  Tolatile  matter,  and  ash  computed  on  dry  basis.] 


Mine  and  location. 


Sample  from  Beaver  Creek,  E.Williams  Connty 

Sample  from  Dry  Fork  Creek 

Outcrops  near  agency  at  Elbowoods 

E2d  Hairs  mine,  near  Fort  Berthold  Agency. . . 

Anderson  mine,  Stanley 

Jones  mine,  16  miles  sonthwest  of  Balfour 

Missouri  River,  west  of  White  Earth  River. . . 

Rose  Hill  mine,  15  miles  sonthwest  of  Balfour. 

Opening,  8  miles  north  of  White  Earth 

F.  F.  Alger  mine,  Stanley.  Ward  County 

Pleasant  Valley  mine.  Shell  Creek 

Sikes  mine  on  the  Little  Knife. 

Badlands,  6  miles  east  of  Fort  Berthold 

Boyds  mine,  sec.  17,  T.  152,  R.  94 

Nesson  opening 

Williams  opening,  5  miles  south  of  White 
Earth.- 

Qille-M iller  mine 

Sorenson  mine.  sec.  32,  T.  162,  R.  92 

Pony  Gulch  mine,  16  miles  southwest  of  Har- 
vey  

Leigh  Ericson,  Donnybrook 

Lloyd  Mining  Co _ 

Scribner's  mine 

Drift,  near  railroad  bridge  near  Burlington . . . 

Turtle  Gulch  mine,  sec.  14,  T.  152,  R.  81 

Wm.  Lacy's  land.  Coal  Harbor , 

Hanchett  mine,  southwest  of  Velva 

Coal  Canyon,  30  miles  south  of  Medora 

J.  C.  Gamel's  ranch,  sec.  20,  T.  133,  R.  104 

Sentinel  Butte,  Billings  County 

From  777  ranch  on  Little  Missouri 

Forty-foot  seam,  sec.  31,  T.  135,  R.  101 

Lower  vein  on  Missouri  River,  3  miles  south 
of  Williston 

Twelve-foot  seam,  3  miles  east  of  Williston 

Heaton's  land,  sec.  29,  T.  145,  R.  80 

Coal  Lake  mine,  sec.  22,  T.  146,  R.  82 

Reiss  mine.  New  England 

Stone-Bird  mine,  near  Belfield 


Fixed 
carbon. 


Average 


Number  of  samples  in  Tables  I  and  II,  60. 
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DeductiOJUH. — The  method  of  analysis  employed  differs  from  that 
commonly  used  for  lignites,  for  the  percentage  of  moisture  is  first 
computed  and  then,  after  the  moisture  has  been  expelled,  the  amount 
of  the  other  constituents  is  determined.  The  percentage  of  fixed 
carbon,  volatile  matter,  and  ash  is  made  somewhat  higher  than  when 
the  undried  coal  is  analyzed.  The  practical  difficulty  in  bringing  the 
lignite  to  the  laboratory  without  partly  drying,  however,  makes  it 
nuich  more  desirable  to  compute  composition  on  a  dry  basis. 

Even  when  allowance  is  made  for  this  method  of  computation  the 
percentage  of  fixed  carbon  is  high  enough,  if  this  alone  is  considered, 
to  remove  these  coals  from  the  lignites  and  place  them  with  the  semi- 
bituminous  or  steam  coals.  The  content  of  water,  however,  about  30 
per  cent,  keeps  them  in  the  former  class. 

PRACTICAL  USE. 
EVAPORATIVE   TESTS. 

More  satisfactory  than  either  chemical  or  calorimetric  tests  are 
practical  evaporative  tests  carried  on  with  boilers  of  standard  pat- 
terns. A  number  of  such  tests  have  been  made,  and  in  some  cases 
eastern  coal  also  has  been  tested  in  the  same  boilers  and  under  prac- 
tically the  same  conditions,  so  that,  knowing  the  price  of  each  coal 
at  the  point  given,  it  is  possible  to  determine  definitely  the  economy 
resulting  from  use  of  lignite. 

Tests  under  imtural  draft. — The  following  test  was  made  at  the 
asylum  for  the  insane  at  Jamestown  by  Chief  Engineer  Thomas  Petti- 
^ew,  whose  careful  study  of  proper  methods  for  burning  lignite  has 
^•eatly  advanced  thei  lignite  industry. 

Test  of  lignite  at  insane  asylum  at  Jamestown,  N,  Dak, 

[Date  of  test-  Toughiogh^ny  coal,  August  6, 1894;  lignite  coal,  August  8, 1894.] 


Tonghlo- 
gheny  coal. 


rhiration  of  test hours. . 

Average  temperatnre  of  feed  water °  F. . 

Coal  burned pounds. . 

Combustible do 

Ash --- - -.. per  cent . . 

Coal  burned  per  pquare  foot  of  grate  per  hour pounds. . 

Total  water  evaporated  at  temperature  of  feed do 

'Water  evaporated  in  pounds  per  pound  of  coal  actual  con- 
dition   

"Water  evaporated  per  pound  of  combustible pounds- . 

"Temperature  of  flue  gases "  F. . 

3oiler  6  feet  in  diameter  by  16  feet  long,  with  80  4f-inch 
flues;  grate  surface,  4  feet  5  inches  by  5  feet;  coal  8  days 
from  xnine;  value  of  coal 


Lignite 
coal. 


$0,665 


20  LIGNITE    OF   NORTH    DAKOTA.  [so.vr 

The  cost  of  Youghioghenj'  lump  at  Jamestown  was  S6.80  ptTton 
a!i(l  of  lignite  $2.80. 

Test  of  Lehigh  lignite  made  by  the  Missouri  Valley  Milling  Company  at  Mandn.». 

N,  Dak. 

Duration  of  test hoars.  _  11 

Kind  of  f nmace Smith- Whit'-. 

Grate  sarface. square  feet-  -  'P 

Width  of  air  space  in  grate inch. .  ; 

Water-heating  surface sqnare  feet- .       \.'>i*J 

Ratio  of  water-heating  surface  to  grate  surface -  _  _     51  !*>  3 

Average  steam  pressure _ ICk 

Average  temperature  of  feed  water  entering  boiler _ '  F  _  _  1  To 

Total  coal  fed  to  furnace _ poands.  _     12, 221 

Moisture  in  coal per  cent. . 

Coal  consumed  "per  square  foot  of  grate  per  hour pounds . . 

Cost  of  coal  delivered  at  mill  per  ton _ $1 .  tW 

Total  cost  of  coal $9.77 

Total  weight  of  water  fed  to  boiler poands. .     56.  -Vp* 

Water  evaporated  per  hour  from  and  at  212°  F do 5,  .VW 

Horsepower  developed _ \^i 

Cost  of  fuel  for  evaporating  1 ,000  pounds  of  water $0. 17:^ 

Average  horsepower  of  engine _. li^' 

Cost  per  horsepower  per  hour $0.  <n4T 


>« 


The  mill  has  a  capacity  of  450  barrels  of  flour  per  day,  and  the  ot»>t 

of  fuel,  when  lignite  is  burned,  per  barrel  of  flour  ground  is  4.4G  eeui>. 

Test  of  Wilton   lignite  coal  in  the  Fargo-Edison   Company's  plant  at  Fanj'j. 

N.  Dak.,  January  9,  1901, 

Duration  of  test hours 1- 

Boilers  used  :   Two  1(5  feet  by  72  inches  tubular,  one  200-horsepu\ver  lleiue 

water  tube. 

Total  heating  surface square  feet 4,  SL*:! 

Total  grate  surface do s> 

Average  steam  pressuie |)ound8__  s^- 

Average  temperature  of  feed  water °F 14*' 

Total  weight  of  coal  fired iwunds —  iHi. +«•> 

Cost  of  coal  i)er  ton  of  2,000  iwuuds  at  boilers Ititi" 

Total  cost  of  coal $:{4.:t: 

Total    w-eight   of   water    pumped    into    boilei*s   and    apparently   eva|)o- 

rated pK)uuds__  07.  Tiv 

Water  evaporated  per  pound  of  coal  from  average  pressure  and  tenii>era- 

ture - ^ pounds X  7 

Equivalent  evaporation  from  and  at  212*  F do 4. 1 

Coal  burned  per  square  foot  of  grate  per  hour do 2.1 

Cost  of  fuel  to  evaporate  1,000  pounds  of  water $0.  :r«2 

Moisture  in  coal |)er  cent—  .•^» 

Uefuse  in  coal do :»* 
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Boiler  tent  of  lignite  at  Xorth  Dakota  Ayricultural  Colleije.  Mareh  S,  1902. 

I>uration  of  test hours—  8.5 

Average  atmospheric  pressure hiches 28.5 

Oage   pressure l)Ounds-_  78.  8 

Teni[)erature  of  feed  water °F_-  144 

Kind  of  fuel "White  ash"  lignite. 

Moisture  In  coal per  cent 30 

r>escriptIon  of  boiler :  Common  fire  tubular  lioiler,  with  02  flues,  3  inches 
in  diameter,  1(»  feet  long ;  diameter  of  shell,  (K)  inches. 

AVater-heating  surface square  feet 902 

Ratio  of  water-heating  surface  to  grate  surface .  025 

<V)al  burned iwiinds—  3,907 

T'nbumed   fuel None. 

Average  coal  burned  in  fifteen  minutes [munds 144.91 

Total  refuse  from  coal doJ 1(58 

Total   combustible do 2,314.5 

Average  combustible  for  fifteen  minutes do 08.05 

Qualitj'  of  steam  (saturated  steam  taken  as  untty) I)er  cent 0.  97 

Total  water  pumped  into  the  boiler pounds..  1,230.5 

Water  ai)parently  evai)orated  i)er  pound  of  fuel  burned 3. 10 

AVater  actually  evajwrated,  corrected  from  moisture ix)unds 11.994 

K<iuivalent  water  evaporated  into  dry  steam  from  and  at  212°  F-_do 13,228 

Equivalent  evaiwration  into  dry  steam  from  and  at  212°  F.  i)er  pound  of 

dry  coal  burned pounds 3.385 

Coal  burned  per  square  foot  of  grate  surface  per  hour do 18.  38 

Water  evai)orated  from  and  at  212°  F.  per  square  foot  of  heating  sur- 
face   ix)und8__  1.  (KKi 

Equivalent  evaiwration  into  di-y  steam  per  |)ound  of  combustible 5.  08 

Average  ash per  cent 9. 03 

Combustible    do 90.  97 

Gas  analysis : 

CO, do 7 

O do 0 

CO do 1.05 

Test  conducted  by  Ixjwis  Larson. 

In  the  foregoing  tests  natural  draft  only  was  used. 

Test  under  forced  draft. — On  November  17,  1902,  a  preliminary 
test  of  lignite  coal  from  the  mine  of  the  Kenmare  Coal  Company 
was  made  under  boilers  No.  1  and  No.  3  of  the  State  University 
heating  plant.  During  the  winter  of  1904  more  elaborate  tests  were 
made  under  boilers  provided  with  lignite  fire-brick  arches  and  under 
boilers  without  arches,  which  it  is  hoped  will  settle  the  disputed 
question  as  to  the  real  worth  of  these  arches.  For  the  test  given 
below  a  steam  calorimeter  was  not  available,  and  the  water  fed  to 
the  boiler  is  assumed  to  have  been  evaporated.  The  boilers  are 
fire  tubular;  diameter  of  shell,  54  inches.  Each  contains  forty-eight 
IC-foot  flues,  with  inside  diameter  of  3^  inches,  and  each  contains 
S41.76  square  feet  of  heating  surface.     They  are  provided  with  the 


22  LIGNITE   OF   NORTH   DAKOTA.  [xn.ii:. 

lignite  fire-brick  arches,  and  the  test  was  made  under  forced  draft 

from  a  fan. 

Test  of  lignite  at  State  University, 

Duration  of  test hours 12} 

Percentage  of  moisture  as  shown  by  four  days'  drying per  cent lu 

Percentage  of  ash do 7.  SJS 

Evaporated  per  pound  of  fuel  from  and  at  212**  F pounds 4.3i<T 

Evaporated  per  pound  combustible  (coal  minus  ash  and  water)   from 

and  at  212°  F pounds..  5.24J 

With  boiler  and  grate  conditions  about  like  those  used  in  the  te^t 
at  the  asylum  for  the  insane,  already  quoted,  three  Iowa  coals  testeil 
at  Des  Moines  gave  per  pound  of  coal  a  water  evaporation  from  and 
at  212°  F.  of  5.44,  5.21,  and  6.52  pounds,  respectively.  Four  standard 
Missouri  coals  gave  6.84,  6.27,  6.23,  and  5.86  pounds,  respectively. 
Comparing  the  results  obtained  from  lignite  with  these — taking  the 
evaporative  powers  of  lignite  at  4.2  pounds,  which  is  conservative— 
the  lignite  appears  to  be  worth  75  per  cent  of  the  Iowa  coal  and  70  per 
cent  of  the  Missouri. 

METHODS  OF  BURNING. 

Automatic  stokers. — In  plants  where  considerable  quantities  of 
lignite  are  used  automatic  stokers  with  forced  drafts  give  most  sat- 
isfactory results.  At  the  Fargo-Edison  electric  plant  at  Fargo  stok- 
ers which  burn  the  refuse  from  the  Washburn  mine,  which  consist- 
of  the  cuttings  of  the  mining  machines  and  the  fine  coal  incidenial 
to  blasting,  are  in  successful  operatio  ;  and  demonstrate  clearly  the 
ability  of  lignite  to  compete  with  eastern  coal  in  the  Red  River  Val- 
Jey.  The  lignite,  varying  in  size  from  dust  to  fragments  of  half  a 
pound  weight,  is  shoveled  into  hoppers  and  fed  into  the  furnace  by 
a  screw  8  or  9  inches  in  diameter,  the  flanges  being  6  inches  apart. 
Forced  draft  is  introduced  into  the  ash  pit.  The  cost  of  firing  i> 
greatly  reduced  and  the  fires  are  exceedingly  imiform.  Other  form> 
of  stokers  are  doubtless  practical. 

When  an  economic  method  of  drying  the  lignite  before  shipping 
from  the  mine  is  found  it  will  be  possible  to  save  30  per  cent  of  the 
freight.  With  automatis  stokers,  the  reduction  of  the  lignite  to  frag- 
ments in  the  process  of  drying  will  be  advantageous. 

Forced  draft  and  arches, — On  account  of  the  gases,  volatile  at  a 
moderate  temperature,  that  lignite  contains,  special  devices  have 
been  introduced  in  furnaces  intended  for  its  consumption,  by  which 
these  gases  shall  be  promptly  raised  to  the  temperature  necessary 
to  secure  their  complete  combustion.  For  this  purpose  there  is  often 
built  over  the  front  of  the  fire  box  an  arch  of  fire  brick,  which, 
becoming  intensely  hot,  secures  the  combustion, of  the  gases  that  come 
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in  contact  with  it.  That  it  is  useful  for  this  purpose  there  can  be 
no  question.  The  question  remains  as  to  whether  it  adds  to  the  effi- 
<'iency  of  the  coal,  since  it  shuts  off  a  portion  of  the  boiler  from  direct 
contact  with  the  fire  and  interferes  with  firing,  when  fuel  is  fed  with 
a  shovel.  To  a  certain  extent  the  bricks  themselves  conduct  heat 
to  the  boiler.  The  value  of  these  arches  is  not  fully  demonstrated 
and  the  cost  of  their  installation  is  considerable. 

Forced  draft  is  convenient  if  the  plant  is  large,  but  lignite  is  giving 
excellent  results  in  a  number  of  plants  where  natural  draft  only 
is  used.  With  forced  draft  a  short  stack  is  sufficient,  and  this  sav- 
ing over  the  construction  of  a  tall  chimney  is  often  enough  to  pay 
for  the  installation  of  the  fan.  The  forced  draft  is  introduced  into 
the  center  of  the  ash  pit  and  there  caused  to  spread  out,  so  that  it 
reaches  all  parts  of  the  grate  uniformly.  Induced  draft  is  not  rec- 
ommended for  any  purpose  in  connection  with  lignite,  though  a  com- 
bination of  forced  and  induced  drafts  seems  to  solve  satisfactorily 
certain  difficulties  in  burning  brick. 

Natffral  draft. — Very  satisfactory  results  are  lieing  obtained  with 
lignite  and  natural  draft  at  the  Minot  electric-light  plant,  the  Ken- 
niare  roller  mill,  and  similar  institutions  throughout  the  State.  With 
natural  draft  a  large  boiler  and  grate  surface  are  desirable,  though 
not  absolutely  essential,  and  more  experience  in  firing  lignite  is  neces- 
sary. The  fires  should  not  be  allowed  to  fall  off,  for  if  green  lignite 
is  thrown  into  the  furnace  when  the  steam  is  falling,  it  acts  like  a 
blanket,  and  temporarily  smothers  the  fire.  Fuel  should  be  added 
when  the  fire  is  high  and  by  the  time  the  steam  gage  begins  to  drop 
the  fresh  lignite  has  been  dried  and  is  ready  to  burn.  It  is  a  good 
plan  to  fire  but  one  side  of  the  furnace  at  a  time. 

Commercial  use. — Two  large  flouring  mills,  at  Mandan  and  James- 
town, use  lignite  exclusively  for  fuel.  The  plant  of  the  Russell-Miller 
Milling  Company,  at  Jamestown,  a  500-barrel  mill,  uses  a  single 
lx)iler,  72  inches  by  16  feet,  with  seventy-two  4-inch  flues.  Shaking 
grates,  giving  an  area  of  36  square  feet  with  ^-incli  air  spaces,  are 
used.  Forced  draft  secured  by  a  fan  is  employed,  and  170  horse- 
power is  maintained  for  twelve  hours  with  the  use  of  7,600  pounds  of 
Washburn  lignite.  The  engine  is  a  Corliss  compound  condensing, 
rated  at  only  105  horsepower.  A  careful  test  has  shown  that  8.73 
pounds  of  Wilton  lignite  will  maintain  1  horsepower  per  hour.  With 
lignite  at  $2.45  at  the  mill,  the  cost  of  fuel  per  barrel  of  flour  is  4.5 
cents. 

The  Hebron  roller  mill  burns  4  tons  of  lignite  in  twenty-four  hours, 
with  an  output  of  100  barrels  of  flour,  besides  custom  work.  Natural 
draft  and  ordinary  grates  are  used. 
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The  Kenmare  roller  mill,  using  a  boiler  66  inches  in  diameter  and 
16  feet  long,  and  grate  with  f -inch  openings,  uses  161  pK>unds  of  slack 
lignite  per  hour  to  generate  40  horsepower,  the  steam  pressure  being 
65  pounds. 

The  Washburn  roller  mill  maintains  30  horsepower  for  twelv*- 
hours  with  1^  tons  of  lignite.  The  boiler  is  12  feet  by  36  inches,  ar.«] 
the  engine  small  and  crowded. 

The  New  Salem  Roller  Mill  Company  is  operating  a  125-lianTl 
mill  to  its  full  capacity.  The  boiler  is  14  feet  by  52  inches,  and  the 
engine  is  rated  at  75  horsepower.  Forced  draft  is  employed.  In 
twelve  hours  3,700  pounds  of  lignite  are  burned. 

The  electric  plant  at  Dickinson  burns  lignite  under  a  boiler  72 
inches  in  diameter  and  17  feet  long,  using  ordinary  grates  and  forced 
draft,  the  fan  being  driven  by  a  2-horsepower  motor. 

The  Minot  Electric  Light  Company  employs  2  boilers  16  feet  long 
and  54  inches  in  diameter.  Fifty  horsepower  is  maintained  for  ten 
hours  with  2  tons  of  green  lignite.  Natural  draft  is  used,  and  the 
engineer  does  the  firing  also. 

PUMPING  WATKB  WITH  IjIGNITE. 

Bv  Charles  S.  Magowan. 

The  computations  on  page  26  indicate  the  amount  of  lignite  that 
will  be  required  to  raise  water  to  the  level  of  the  various  flats  found 
on  the  streams  in  western  North  Dakota. 

DUTY  OF  WATER. 

The  first  question  that  presents  itself  is  that  of  the  duty  of  water. 
In  the  absence  of  definite  data  on  this  point  from  North  Dakota  it 
is  necessary  to  rely  on  the  results  of  irrigators  who  have  worked 
under  somewhat  similar  conditions.  Wilson  «  records  that  in  Mon- 
tana a  second-foot  serves  about  80  acres,  and  that  from  15  to  IS 
inches  in  depth  during  an  irrigating  season  is  believed  to  be  sufficient. 
Mr.  Wilson  makes  the  general  statement  that  1,000  gallons  per  minute 
will  irrigate  from  5  to  10  acres  per  day,  and  in  the  course  of  a  season 
about  100  acres.  If  water  is  supplied  to  a  10-acre  tract  at  the  rate 
of  1,000  gallons  per  minute  for  twenty-fonr  hours,  the  depth  of  the 
water  over  the  whole  tract  will  be  5.58  inches.  If  water  to  this 
depth  applied  five  times  during  the  irrigating  season  is  sufficient,  a 
plant  of  this  capactiy  should  care  for  200  acres.  This  statement  is 
made  because  it  is  desired  to  use  1,000  gallons  per  minute  and  multi- 
ples thereof  in  discussing  pump  efficiencies. 

"  Manual  of  Irrigation  and  Engineering,  1903,  pp.  55,  50. 
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CENTRIFUGAL  PUMPS. 

Centrifugal  pumps  only  are  discussed,  since  it  is  believed  that  in 
view  of  recent  improvements  that  have  been  made  in  their  construc- 
tion no  other  pump  can  so  economically  handle  large  quantities  of 
water  under  the  given  conditions,  even  for  the  higher  lifts.  The  dis- 
cussion is  based  on  belt-driven  centrifugal  pumps,  though  some  ref- 
erence will  be  made  to  steam  centrifugal  pumping  engines — that  is, 
to  machines  where  engine  and  pump  are  directly  connected,  being 
built  on  the  same  base. 

The  fuel  that  will  be  used  in  tho^  locality  under  consideration  is 
lignite  that  in  service  tests  has  been  proved  to  have  an  evaporative 
power  of  4.2  pounds  of  water  from  and  at  212°  F.  per  pound  of  fuel. 
This  value  will  be  used  in  the  computations. 

It  is  contemplated  that  engines  will  be  used  which  will  deliver  at 
least  1  horsepower  for  every  35  pounds  of  steam  furnished.  This 
is  a  low-engine  efficiency,  and  should  be  realized  even  under  extremely 
adverse  circumstances.  By  using  engines  of  higher  grade — and 
these  should  be  employed  with  the  larger  pumps,  where  compound, 
condensing,  triple-expansion,  or  even  quadruple-expansion  engines 
might  be  economically  used — the  efficiency  would  be  more  than 
doubled,  the  fuel  consumption  being  correspondingly  reduced. 

EFFICIENCY  OF  PUMPS. 

The  accompanying  table  shows  the  capacities  and  efficiencies  of 
centrifugal  pumps  of  several  sizes,  all  belt  driven,  together  with  the 
amounts  of  lignite  that  will  prol>ably  be  required  to  lift  the  water 
to  various  heights. 

The  per  cent  of  pump  efficiency  noted  in  the  table  is  obtained  by 
comparing  the  amount  of  work  realized  with  the  amount  of  power 
applied  to  the  shaft  of  the  pump,  and  it  is  well  to  note  that  the  effi- 
ciency increases  as  the  capacity  of  the  pump  increases,  thus  favoring 
the  installation  of  large  plants. 

The  prices  quoted  are  those  furnished  by  manufacturers'  agents, 
and  are  usually  f.  o.  b.  at  Chicago  or  an  eastern  factory.  A  consid- 
erable range  in  price  is  noted,  the  ditFerence  being  due  to  differences 
in  weight,  construction,  and  finish. 

A  new  form  of  centrifugal  pump  known  as  the  "Volute"  is  being 
placed  upon  the  market  at  the  present  time,  for  which  claims  of 
increased  efficiency  are  made,  the  claim  being  based  on  the  increased 
care  in  the  manufacture  of  the  wheel  and  especially  in  the  fitting  of 
the  runner,  thus  lessening  the  loss  from  "slip"  otherwise  sustained. 
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Capacities,  efficiencies,  and  cost  of  centrifugal  pumps ,  and  amounts  of  lignite 

required  to  lift  water  to  specified  heights. 


Num- 
ber of 
pump    Capac- 
(diam-    itv  in 
eter  in  gallons 
inches  i    per 
of  dift-     min- 
charge ,    ute. 
open- 


Horsepower  delivered  to 
shaft  of  pump  necessary  to 
effect  econoniical  discharge 
at  elevations  of— 


a)  feet. 

40  feet. 

00  feet. 
35.4 

11.8 

23.6 

22.0 

44.0 

66.0 

^,0 

64.0 

06.0 

70.0 

140.0 

210.0 

100.0 

200.0 

300.0 

120.0 

240.0 

360.0 

130.0 

260.0 

890.0 

260.0 

520.0 

7«0.0 

80  feet. 


47.2 
88.0 
128.0 
280.0 
400.0 
480.0 
520.0 
1,040.0 


Effici- 
ency 
of 

pump 
(per 

cent). 


Tonsdof  li^rnite  required  to  • 
furnish  power  to  operate  i 
engine  and  pump  34  nours       w>-4^ 
when  lifting  the  eoonom-  '     Pnc»- 
ical  discharge  to  an  eleva-  ,  o'  pomp^ 
tlonof—  »appr».x 

inoatc  I 

1  f. 


20  feet. 


45| 

46  ! 

I 

47 

61  I 

52 

53 

68 

62 


1.2 

2.2 

3.2 

7.0 

10.0 

12.0 

13.0 

26.0 


40  feet 


2.4 
4.4 
6.4 

14.0 
20.0 
24.0 
26.0 
52.0 


o.  b 


60  feet  HO  feet. 


3.5 

6.6 
9.6 
21.0 
30.0 
36.0 
39.0 
78.0 


I 


4.7  $ISi^rMi 
S.H  I  lai-  »ri 
340-  ."ill  I 
4»U  SHI 

fei,T*n 


12.8 

a*.o 

4il.O 
48.0  I 
52.0 
104.0  I 


a  Price  of  coal  in  this  region  varies  from  60  cents  to  $2  jier  ton. 
ftVolute. 

With  the  assumptions  made  above  the  computations  for  the  fuel 
consumption  become  so  simple  that  tlie  tabulation  of  them  st-eni- 
almost  unnccessan^  For  example,  consider  a  No.  15  pump  ilelivor- 
ing  7,000  gallons  of  water  per  minute  against  a  head  of  GO  feet.  Fnuu 
the  table  the  number  of  horsepower  required  is  210,  this  multiplitM 
by  »35,  the  steam  consumption  per  horsepower  per  hour,  and  this  bv 
24,  the  number  of  hours  considered,  and  the  product  divided  by  4.-' 
times  2,000,  the  result  is  the  number  of  tons  of  lignite  consumed.     In 

the  above  case  the  computation  is  as  follows:  210  x  r^r^.rkoo  ~  -^** 

X  fQ  =  21.0.     Thus,  in  any  case,  the  number  of  tons  of  lignite  that 

must  be  supplied  to  the  furnace  equals  one-tenth  of  the  number  of 
horsepower  that  is  required  to  operate  the  pump. 

It  will  be  noted  that  the  sizes  considered  are  those  that  give  capaci- 
ties of  about  1,000  gallons  per  minute  or  multiples  thereof.  It  is  alH» 
well  to  note  that  the  capacity  of  any  of  these  pumps  can  be  very  ma- 
terialty  increased  by  slightly  increasing  the  number  of  i"evolution^. 
but  the  efficiency  will  thereby  be  diminished. 

Engines  for  oi:)erating  centrifugal  pumps  must  l^e  capable  of  run- 
ning at  high  speed,  especially  if  the  pump  is  operated  against  a  high 
head.  For  example,  a  No.  0  pump  operating  against  an  80-ftK)t  head 
must  make  857  revolutions  per  minute;  a  No.  24  pump  operatin*: 
against  a  20-foot  head  must  make  190  revolutions  per  minute,  ami 
the  engine,  if  directly  connected,  must  work  at  the  same  rate.  Build- 
ers of  centrifugal  pumps  also  build  engines  to  meet  these  requirement- 
and  connect  them  directly  to  the  pumps,  especially  for  the  lower  lifts. 
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A  No.  6  centrifugal  pump  capable  of  working  against  a  30-foot 
head  can  be  bought  for  $520  or  less,  while  a  No.  8  pump  that  will 
work  against  the  same  head  will  cost  $690.  One  firm  quotes  a  price  of 
$500  on  a  30-horse-power,  automatic,  high-speed  engine,  and  $1,675 
on  a  200-horsepower  engine.  These  prices  are  for  engines  only.  The 
companies  will  furnish  on  request  prices  on  the  larger  sizes  of  steam 
centrifugal  pumps. 

Some  large  plants  of  this  kind  have  been  installed  and  are  reported 
as  working  successfully.  At  Albany,  N.  Y.,  two  18-inch  pumps  op- 
erated by  direct-connected,  vertical,  cross-compound  engines  lift  10,000 
gallons  each  per  minute,  with  a  reported  eflSciency  of  pump  and 
engine  of  66.3  per  cent,  and  with  a  net  efficiency  of  the  pump  alone 
of  77  per  cent,  the  lift  being  21  feet. 

RIVER  FI^TS  AND  LIGNITE, 

MISSOURI  RIVER. 

YELLOWSTONE  FLATS. 

Area  and  soil. — On  entering  North  Dakota  the  course  of  the  Yel- 
lowstone is  toward  the  northwest,  then  north,  and  just  before  uniting 
with  the  Missouri  somewhat  south  of  west,  its  total  course  in  the  State 
amounting  to  about  15  miles.  For  this  distance  it  keeps  close  to  the 
bluffs  at  the  right  bank  of  the  valley,  leaving  broad  benches  un- 
broken by  meanders  on  the  left.  Above  the  flood  plain,  which  is 
covered  with  a  dense  growth  of  willows,  is  a  wooded  bench  from  10 
to  15  feet  above  high  water,  where  large  cottonwoods  flourish.  Its 
extent  may  equal  4,000  or  5,000  acres.  Ten  feet  above  this  and  20 
feet  above  the  river  at  high  water  is  the  edge  of  a  beautiful  and 
extensive  grassed  terrace,  which  rises  gradually  for  2  miles  to  the 
foot  of  the  bluffs,  and  which  has  an  area  of  about  15,000  acres, 
below  a  contour  line  drawn  80  feet  above  the  river.  It  is  not  cut  up 
by  ravines  or  gullies  and  a  trench  can  be  carried  along  the  80- foot  con- 
tour with  but  few  flumes.  With  such  an  initial  head,  water  can  be 
taken  to  almost  any  point  on  the  flat. 

The  soil  is  a  good  loam  and  the  upper  terrace  is  already  well 
grassed,  though  at  present  it  yields  hay  regularly  only  where  natu- 
rally irrigated  by  water  that  comes  down  in  Fourmile  and  Eightmile 
cre^jks  and  other  coulees  and  spreads  out  over  its  surface.  Much  of 
the  woodland  lies  high  enough  above  the  river  to  be  free  from  ordi- 
nary river  floods,  and  is  inundated  only  at  rare  intervals  by  the  gorg- 
ing of  the  ice.  In  all,  at  least  15,000  acres  on  the  left  bank  of  the 
Yellowstone  in  North  Dakota  may  be  regarded  as  suitable  for  irriga- 
tion if  water  from  the  river  can  be  raised  80  feet; 
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The  area  in  North  Dakota  is  but  part  of  flats  that  extend  into 
Montana  as  far  as  Terry.  The  fall  of  the  Yellowstone  is  but  2.7  feet 
per  mile,  and  a  slope  of  1  foot  per  mile  would  probably  be  needed  m 
a  lateral  ditch.  A  very  long  lateral  would  be  necessary  to  take  water 
from  the  Yellowstone  and  cover  the  flats  if  gravity  alone  is  relied  on. 

Lignite. — Heavy  beds  of  lignite  occur  near  Sidney,  Mont.,  on  the 
Yellowstone  River,  15  miles  west  of  the  North  Dakota  line.  On  the 
creeks  which  empty  into  the  Yellowstone  from  the  south,  and  notably 
on  Charbonneau  Creek,  heavy  beds  of  lignite  are  said  to  outcrop. 

BUFORD-TRENTON  FLAT. 

Area  and  soil. — ^Extending  along  the  north  side  of  the  Missouri 
from  the  State  line  to  the  eastern  edge  of  old  Fort  Buford  Reserva- 
tion, a  distance  of  16  miles,  is  an  extensive  flat  which  needs  onlv 
water  to  become  highly  productive.  At  Trenton  station,  in  the  mid- 
dle of  this  tract,  the  river  swings  in  abruptly  till  it  is  close  to  the 
bluff,  narrowing  the  flat  for  one-half  mile.  Enough  remains,  how- 
ever, to  provide  space  for  a  waterway  or  a  pumping  plant,  so  that  if 
water  were  available  and  irrigation  seemed  desirable  the  level  bench 
both  east  and  west  of  Trenton  could  be  irrigated  from  a  single 
station. 

The  flat  includes  about  12,000  acres,  divided  between  an  upper 
grassed  terrace  and  a  lower  wooded  bench,  the  former  having  about 
twice  the  area  of  the  latter.  The  wooded  bench  is  from  20  to  25  feet 
above  ordinary  high  water  and  is  said  to  have  been  flooded  but  twice 
in  twenty-eight  years,  the  last  time  in  the  spring  of  1891.  In  places 
it  is  being  cleared  and  cultivated.  Although  some  portions  are  sandy, 
it  has  for  the  most  part  a  good  soil.  The  second  or  grassed  terrace 
rises  gradually  from  the  edge  of  the  wooded  terrace,  where  it  is  about 
30  feet  above  high  water,  to  the  bluffs,  at  the  base  of  wliich  it  is  SO 
feet  above  the  river.  It  has  a  strong  gumbo  soil  which  grows  blue- 
joint  or  wheat  grass,  cactus,  and  sage  when  unirrigated,  while  with 
irrigation  it  produces  both  grass  and  grain  abundantly,  yielding  2| 
tons  of  excellent  hay  to  the  acre.  The  Great  Northern  Railway 
crosses  it,  running  at  the  foot  of  the  bluffs,  giving  ready  access  to 
market  for  produce  raised  on  it. 

The  efforts  now  being  made  by  Mr.  Edwin  Jack  and  others  to 
irrigate  parts  of  this  area  are  described  on  pages  50  and  51.  It  will 
be  possible  to  irrigate  a  part  of  it  as  they  are  doing  by  building  reser- 
voirs and  diversion  dams  in  the  draws  that  cut  the  bluffs  behind  the 
flat,  but  for  a  large  part  of  it  the  economy  of  this  method  may  fairly 
be  doubted.  For  the  area  as  a  whole  it  will  be  advisable  to  consider 
the  possibility  of  raising  water  from  Missouri  River. 
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Lignite. — Only  limited  quantities  of  lignite  are  known  in  the 
bluffs  just  back  of  this  tract,  though  large  beds  may  sometime  be 
discovered.  Two  miles  from  Buford,  in  sec.  31,  T.  153,  R.  103,  a 
4-foot  bed  of  good  lignite  is  mined  to  some  extent  by  stripping. 
About  75  tons  were  taken  out  in  the  winter  of  1902. 

On  Eightmile  Creek,  above  Jack's  ranch,  a  3^-foot  seam  furnishes 
some  lignite,  while  fuel  from  Buford  is  in  part  brought  from  the 
Yellowstone  and  in  part  from  the  seams  in  Glass  Bluffs,  across  the 
river.  If  a  pumping  station  were  established  at  Trenton,  where  the 
river  cuts  back  nearly  to  the  bluffs  and  divides  the  tract  into  two 
parts,  it  might  be  practicable  to  ship  coal  from  the  mines  already 
opened  near  Williston,  a  distance  of  only  25  miles.  In  this  case 
good  lignite,  f.  o.  b.  at  Trenton,  will  cost  $2.50  per  ton.  The  lift  at 
this  point,  to  cover  the  entire  tract  of  12,000  acres,  will  be  about  70 
feet,  though  a  large  part  of  it  could  be  watered  with  a  lift  consid- 
erably less. 

MUDDY  AND  MISSOURI  RIVER  FLATS  AT  WILLISTON. 

Area  and  soil, — The  Muddy  is  the  main  tributary  of  the  Missouri 
from  the  east  and  north  in  North  Dakota.  Its  drainage  area  in- 
cludes nearly  one-half  of  Williams  County,  or  700  square  miles.  In 
addition  to  a  water  supply  from  direct  rainfall,  it  is  fed  by  a  number 
of  perennial  springs.  On  June  27,  1903,  it  had  a  flow  of  18  second- 
feet,  an  amount  said  to  be  normal  for  that  season  of  the  year.  Its 
valley  is  broad  and,  in  the  main,  fertile.  The  bottom  lands  are 
often  a  mile  wide,  while  a  strip  half  a  mile  wide  fit  for  irrigation 
may  be  counted  on  for  20  miles  or  more  from  its  mouth.  There  may 
be  10,000  acres  along  the  stream  that  could  be  irrigated  if  water  can 
be  found  for  so  large  an  area.  Along  its  tributaries  there  is  much 
land  not  included  in  the  above  estimate,  portions  of  which  are  already 
irrigated,  mainly  by  diversion  dams  for  spring  flooding. 

To  be  taken  with  the  Muddy  River  flats  are  3,000  or  4,000  acres 
on  the  Missouri  between  Williston  and  the  mouth  of  the  Muddy. 
It  is  probable  that  the  amount  of  water  that  the  Muddy  annually 
contributes  to  the  Missouri  is  more  than  adequate  to  water  the  15,000 
acres  that  lie  near  it,  but  it  has  not  been  demonstrated  that  a  large 
reservoir  can  be  economically  located  on  the  stream.  Its  valley  for 
15  miles  is  broad  and  seems  to  offer  no  point  where  a  short  wall  can 
retain  a  considerable  amount  of  water.  If  a  dam  were  erected  above 
this  point,  the  water  from  some  of  the  principal  tributaries  which 
empty  below  would  be  lost.  The  Fred  Rounsaville  dam,  which  was 
intended  for  a  diversion  dam  rather  than  for  a  reservoir,  is  described 
on  page  51 . 
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Lignite. — There  is  an  abundance  of  lignite  on  the  Muddy  and  its 
tributaries,  and  along  the  Missouri  below  Williston. 

The  following  banks  have  been  opened  up  for  local  use  about 
Williston,  and  on  the  creeks  to  the  north : 

The  Mackersie  bank  on  Sandy  Creek,  in  sec.  6,  T.  154,  R.  101. 

The  Holland  bank  near  Muddy  River,  6  miles  north  of  Williston. 
where  a  heavy  bed  of  lignite  is  exposed. 

The  Lovejoy  mine  on  Stony  Creek,  where  a  considerable  bed  out- 
crops  near  the  Great  Northern  Railway. 

The  mine  of  the  Pioneer  Coal  Company,  which  is  more  extensively 
developed  than  any  of  these,  and  is  shipping  lignite  in  considerable 
quantities.  It  is  located  on  the  railroad,  which  hero  follows  X\w 
valley  of  Stony  Creek,  in  sec.  26,  T.  15,  R.  100.  The  bed  mined  i- 
6  feet  thick. 

The  Miller  mine,  located  4  miles  east  of  Williston  on  Cedar  Coulee, 
a  tributary  of  the  Missouri.  A  12-foot  bed  here  outcrops  and  will 
furnish  a  vast  amount  of  excellent  coal. 

A  number  of  lignite  outcrops  4  to  6  feet  thick,  which  occur  alon<r 
Cow  Creek,  a  tributary  of  the  Muddy,  and  are  mined  to  some  extent 
for  local  use. 

The  old  Dahl  mine,  3  miles  southeast  of  Williston,  located  on  a 
4-foot  outcrop  in  the  Missouri  River  bluffs  on  the  left  bank  of  thf 
river. 

Eight  lignite  beds,  the  heaviest  being  4  feet  thick,  which  outcrop 
in  a  single  vertical  section  a  mile  farther  down  the  river  on  the  right 
bank. 

NESSON-HOFFLUND  FLATS. 

The  post-offices  of  Nesson  and  Hofflund  are  situated  on  ilissouri 
River  about  30  miles  east  of  Williston  and  14  miles  south  of  the  Great 
Northern  Railway,  the  nearest  station  being  the  town  of  Ray ;  Hoff- 
lund is  C  miles  east  of  Nesson.  In  this  vicinity  the  Missouri  retviv-»> 
a  number  of  tributaries;  Tobacco  Garden  and  Clark  creeks  unite  with 
it  from  the  south,  and  Tobacco  and  Beaver  creeks  and  AVliite  Earth 
River  from  the  north. 

Area  and  soil, — Two  extensive  flats  or  terraces  are  developed  here, 
one  from  20  to  40  feet  above  high  water,  extending  about  6  miles 
along  the  river  from  Nesson  to  Hofflund,  and  the  other  from  80  ti> 
100  feet  high,  located  back  of  Nesson.  The  upper  flat  includes  7,r>(>i) 
acres  held  by  more  than  30  homesteaders  and  settlers;  the  lower 
includes  about  6,000  acres.  The  soil  of  the  upper,  excepting  a  narrow 
gravelly  strip  along  the  lower  edge,  is  composed  of  sandy  loam  with 
clay  subsoil ;  that  of  the  lower  is  of  1  to  4  feet  of  fertile  sandj'  loam, 
with  sand  for  a  subsoil.  Only  a  portion  of  the  lower  flat  is  wooded, 
the  woodland  at  this  point  being  confined  principally  to  the  flood 
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plain,  which  is  not  here  considered  a  part  of  the  lower  terrace.  A 
portion  of  this  terrace  is  being  carried  away  by  inroads  of  the  river, 
but  the  loss  due  to  this  cause  is  not  serious  enough  to  interfere  with 
any  scheme  for  the  development  of  the  flat  as  a  whole.  The  slope  of 
the  surface  of  both  terraces  is  favorable  to  irrigation. 

For  many  reasons  the  region  invites  study  wMth  reference  to  the 
possibility  of  irrigation.  The  area,  especially  when  both  terraces  are 
taken  together,  is  considerable,  the  soil  is  inviting,  and  the  distance 
from  a  railroad  shipping  point  in  only  14  miles.  Heavy  seams  of 
lignite  of  good  quality  outcrop  in  the  immediate  vicinity,  and  a 
pumping  station  that  would  furnish  water  for  the  lower  flat  (6,000 
acres)  may,  it  is  thought,  be  placed  close  to  one  of  these  outcrops,  and 
the  expense  of  hauling  fuel  may  thus  be  greatly  reduced  or  wholly 
obviated. 

Wate?*  supply. — On  account  of  the  lift  it  will  hardly  be  practicable 
to  irrigate  the  upper  flat  with  water  drawn  from  the  river,  but 
Tobacco,  Nelson,  and  Beaver  creeks  may  be  considered  as  possible 
sources  of  supply. 

Tobacco  Creek,  which  unites  w-ith  the  Missouri  at  Nesson  post- 
office,  has  a  drainage  area  of  20  square  miles,  and  is  fed  by  strong 
springs.  Cusack  Springs,  at  the  source  of  its  west  fork,  in  sec.  12, 
T.  154,  R.  98,  are  perennial  and  flow  3  second-feet  even  in  midsummer. 
Deer  Coulee  heads  at  a  spring  about  as  strong  as  the  Cusack  and 
unites  with  Tobacco  Creek  a  few  miles  above  Nesson.  During  the 
summer  the  creek  suffers  some  loss  of  volume  because  of  the  porous 
nature  of  the  stream  bed  at  some  points.  On  July  4,  1903,  it  had  a 
flow  of  5  second-feet  at  its  mouth,  an  amount  somewhat  less  than  that 
of  its  spring  sources. 

At  least  two  suitable  reservoir  sites  seem  to  exist  on  Tobacco  Creek, 
one  occurring  a  mile  back  of  the  upper  Nesson  flat,  where  the  creek 
emerges  from  the  bluffs.  Another  site  with  apparently  a  larger 
capacity  occurs  5  miles  farther  up  the  creek.  However,  the  ability 
of  the  creek  to  furnish  water  enough  to  fill  extensive  reservoirs  has 
not  been  demonstrated.  Nelson  Creek,  which. drains  40  square  miles, 
could  also  be  used,  as  it  is  now  used  in  a  measure,  in  irrigating  the 
upper  flat.  It  is  spring  fed,  though  the  springs  are  weak,  and  most 
of  its  available  water  is  due  to  the  melting  of  snow.  In  another 
chapter  the  tracts  at  present  irrigated  in  this  vicinity  will  be  noted. 

Beaver  Creek  drains  120  square  miles  in  the  southeastern  part  of 
Williams  County..  On  reaching  the  Missouri  River  flats  it  turns  to 
the  east  and  its  bed  gradually  becomes  ill  defined,  and  at  last  its 
water  is  spread  over  the  nearly  level  surface.  Six  miles  above  its 
mouth,  on  July  8,  the  flow  was  18  second-feet,  which  was  con- 
siderably more  than  the  flow  nearer  the  mouth.  In  the  spring  of  an 
ordinary  year  the  discharge  is  considerable.     The  descent  of  the 
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stream  is  rapid,  and  it  seems  possible  to  utilize  the  water,  if  it  can  be 
properly  stored,  to  irrigate  at  least  a  part  of  the  upper  terrace. 

The  water  from  these  three  creeks  seems  sufficient  to  irrigate  the 
7,500  acres  on  the  upper  flat,  which,  on  account  of  their  elevation  of 
from  80  to  100  feet,  may  not  profit  by  any  scheme  to  utilize  the  water 
of  the  Missouri. 

On  these  creeks  bowlders  are  fairly  abundant.  Aside  from  these, 
and  beds  of  soft  sandstone,  no  other  stone  occurs  in  the  vicinity  that 
could  be  used  in  reservoir  construction. 

Lignite, — For  the  lower  flat,  which  includes  G,000  acres,  pumping 
from  the  Missouri  may  be  i)ractical,  for  fuel  is  abundant,  as  shown 
by  the  following  list  of  lignite  outcroj^s  that  occur  in  this  region.  At 
Spanish  Point,  on  the  opposite  side  of  the  river  and  4  miles  farther 
up,  four  heavy  beds  outcrop  in  the  bluffs.  The  aneroid  gave  the 
following  elevations  for  the  beds  : 

Relative  altitudes  of  lignite  beds  near  Nesson-Uoffliwd  flats. 

Feet. 
Top  of  bluff 2.8r»0 

Lignite.  3  feet,  at 1 2,730 

Lignite,  0  feet  good,  at 2,  liOli 

Lignite,  15  feet,  good,  at ^ 2,  .Vtfi 

Lignite,  8  feet,  good,  at 2,  4,V.i 

High  water  of  river,  al)out 2.400 

The  elevations  show  merely  the  relativ^e  positions  of  the  beds  and 
may  vary  considerably  from  the  absohite  elevations.  The  bluflf  is 
one  of  the  highest  in  the  State. 

On  Deer  Coulee,  a  tributary  of  Beaver  Creek,  at  the  Marmon  ranch. 
4  miles  from  Nesson,  a  10-foot  seam  of  good  lignite  outcrops,  fi-om 
which  a  strong  spring  issues.  A  seam  of  similar  thickness  is  I'eported 
at  a  number  of  points  at  about  the  same  elevation  as  this  outcrop,  and 
the  bed  may  be  regarded  as  rather  extensive. 

Along  Tobacco  Creek  two  seams,  C  and  8  feet  thick,  outcrop  at  a 
number  of  points,  both  seams  often  being  exposed  in  the  same  vertical 
section.     They  can  furnish  large  quantities  of  good  lignite. 

On  Beaver  Creek  a  *4-foot  bed  outcrops  frequently  and  is  used 
locally.  Three  miles  above  Hofflund  a  10-foot  bed  is  mined  somewhat 
more  extensively.  An  entry  has  been  carried  in  30  feet;  this  lies  so 
low  that  in  high  water  it  is  partly  filled  from  the  creek. 

In  the  bluffs  across  the  Missouri  Mr.  H.  A.  Carev  takes  coal  from  a 

ft.' 

6- foot  seam. 

Lauchland's  bank,  located  close  to  the  west  end  of  the  lower  flat, 
is  said  to  show  a  good  bed  of  lignite  about  8  feet  thick. 

At  Stony  Point,  on  the  right  bank  of  the  river  between  Nesson  and 
Hofflund,  two  beds  of  good  lignite,  each  3  feet  thick,  were  seen,  and 
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a  heavier  bed  is  said  to  outcrop  at  this  point.     PL  II  illustrates  the 
two  flats  and  gives  the  location  of  some  of  the  lignite  outcrops. 

FORT   BERTIIOLD   AGENCY   FLATS. 

Area  and  soil. — The  flats  about  the  present  agency  on  the  Fort 
Borthold  Reservation,  which  are  low  enough  to  justify  study  with 
reference  to  irrigation  by  pumping  from  the  Missouri,  include  5,000 
acres.  Of  this  perhaps  1,200  acres,  which  were  formerly  woodland 
and  have  been  recently  burned  over,  are  now  practically  clear,  while 
800  acres  are  still  covered  with  large  trees.  This  woodland  area  is 
but  20  feet  above  high  water,  has  a  sandy  loam  soil,  and  is  very 
rarely  covered  by  water  during  ice  gorges.  Twenty  feet  above  this 
lies  a  well-grassed  flat  of  1,200  acres,  and  still  higher,  perhaps  80 
feet  above  the  river,  is  a  terrace  containing  about  2,000  acres. 

Lignite, — ^Lignite  outcrops  frequently  in  the  vicinity.  Just  across 
the  river,  at  high-water  level,  a  bed  of  3|  feet  of  lignite  was  exposed ; 
the  whole  bed  was  reported  by  the  superintendent  of  the  agency  to 
be  10  feet  thick.  It  has  supplied  coal  for  the  agency  during  the  win- 
ter when  the  river  has  been  low  and  crossing  on  the  ice  possible. 

In  the  bluffs  3^  miles  below  the  agency  and  on  the  same  side  of  the 
river  a  9- foot  bed  with  1  foot  of  clay  in  the  middle  outcrops  50  feet 
above  the  low  river  flat.  A  half  mile  farther  south  the  following 
section  is  exposed : 

Section  near  Fort  Bei'ihold  Agency,  N.  Dak, 

Feet. 
Lignite,  C  Inches  of  clay  in  the  middle 6 

Clay 20 

Lignite    2 

Clay 5 

Lignite   2 

Clay 50 

Slope  to  low  river  flat 20 

All  of  the  lignite  in  this  section  seems  to  be  good. 

Seven  miles  below  Fort  Berthold  Agency  Mr.  W.  C.  Dean  reports 
a  12- foot  bed  of  lignite,  from  which  he  hauls  coal  to  the  agenc}\ 

Lignite  in  beds  of  workable  thickness  outcrops  in  the  bluffs  back 
of  Elbowoods  at  a  number  of  points.  The  flats  with  lignite  in  the 
vicinitv  are  shown  on  PI.  III. 

OLD  FORT  BERTHOLD  AGENCY  FLAT. 

This  flat,  which  is  about  12  miles  below  the  present  agency,  con- 
tains about  4,000  acres,  which  are  well  grassed.  Its  elevation  is 
from  20  to  80  feet  above  Missouri  River,  which  bounds  it  on  the 
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south.  In  the  bluffs  just  east  of  the  flat  a  5-foot  bed  of  good  lignite 
is  exposed  about  50  feet  above  the  river.  On  the  opposite  side  of  the 
river  a  5-foot  bed  is  mined  by  stripping.  A  4- foot  and  a  3-foot  seam 
outcrop  in  the  bluffs  a  mile  south  of  this  mine. 


FORT  STEVENSON  FLATS. 


Those  beautiful  flats,  which  include  about  7,000  acres,  lie  on 
the  north  side  of  the  river,  a  few  miles  northeast  of  Coalharbor 
(V],  IV,  j1).     Their  elevation  is  from  30  to  70  feet  above  the  Mi?>- 


FiG.  2. — Map  of  flats  about  old  Fort  Berthold  Agency,  N.  Dak. 

souri.  The  slope  from  the  bluffs  to  the  river  is  gradual  and  uniform. 
Coal  occurs  abundantly  in  the  bluffs  just  back  of  the  flats.  For  many 
years  lignite  was  mined  here  for  use  at  the  fort  and  the  Indian  school 
formerly  located  here.  The  exact  location  of  the  mine  was  SW.  J 
sec.  35,  T.  148,  R.  85.  A  seam  said  to  be  14  feet  thick  was  mined  by 
stripping.  On  the  opposite  side  of  the  river  seams  3  to  4  feet  thick 
are  nearly  continuous  in  outcrop  for  10  miles. 

APPLE  MVER  FLATS. 

Just  south  of  Bismarck  are  extensive  triangular  flats,  which  lie 
t)etween  Missouri  River  on  the  west,  Apple  River  on  the  east,  and  the 
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bluffs  back  of  Bismarck  on  the  north.  Thev  have  an  area  of  about 
5,000  acres,  2,000  acres  being  only  from  20  to  30  feet  above  the  river 
and  partly  wooded,  while  the  rest  are  from  80  to  100  feet  above  river 
level.  No  coal  outcrops  in  the  immediate  vicinity,  but  the  expense 
involved  in  bringing  lignite  from  the  thick  beds  outcropping  directly 
on  the  river  60  miles  above,  at  Mannhaven  and  Coalharbor,  should 
not  \)e  great.  It  may  be  more  practical  to  control  the  water  of  Apple 
lliver  and  use  it  for  irrigation  purposes,  for  the  stream  drains  a  con- 
siderable area  and  could  doubtless  furnish  all  the  water  needed  if  it 
coidd  1x3  properly  stored. 

On  account  of  their  situation  on  the  outskirts  of  a  citv  of  consid- 
erable  size  and  on  the  Northern  Pacific  Railway  gardening  should 
prove  remunerative,  and  a  rather  high  cost  per  acre  to  secure  irriga- 
tion may  be  justified. 

BIG   BEND   AND    SHELL    CREEK    TLATS. 

Af'ca  and  soil, — The  Missouri  River  receives  the  waters  of  the  Little 
Knife  just  lx?fore  entering  the  Fort  Berthold  Reservation.  Then, 
instead  of  j)ursuing  its  normal  course,  it  makes  a  notable  bend  like 
a  great  letter  U,  which  is  known  as  the  "  Big  Bend."  Throughout  this 
pod  ion  of  its  course,  and  in  the  valley  of  Shell  Creek,  which  meets  it 
at  the  lower  end  of  the  U,  topographic  conditions  and  heavy  beds  of 
lignite  invite  a  careful  study  with  reference  to  irrigation  possibili- 
ties, though  the  conclusions  that  may  be  reached  are  probably  more 
imcertain  than  in  the  flats  already  described.  The  area,  however,  is 
large,  and  as  the  land  lies  wholly  within  the  reservation  it  is  still 
completely  under  Government  control. 

The  river  at  the  "  Big  Bend  "  seems  to  have  been  diverted  from  its 
course  at  some  time  in  the  past,  perhaps  by  the  Wisconsin  ice  sheet, 
and  compelled  to  cut  a  new  channel  to  the  west.  Its  former  channel 
seems  to  connect  the  two  anns  of  the  U,  and  to  form  a  valley  2  miles 
in  width,  with  its  center,  a  third  of  a  mile  wide,  sloping  very  gently 
and  unbroken  by  gullies.  Its  position  with  reference  to  the  river  and 
Shell  Creek  is  shown  on  PL  VI.  At  the  upper  end  of  the  U  this 
old  valley  is  140  feet  above  the  river;  its  slope  is  toward  the  south, 
the  upper  half  draining  into  a  large  slough  in  its  center,  while  the 
lower  portion  contributes  its  water  to  Shell  Creek.  The  area  that 
could  l)e  irrigated  advantageously,  if  water  could  be  found,  is  two- 
thirds  of  a  mile  wide  and  15  miles  long  and  includes  about  7,000  acres 
of  good  soil.  In  addition  to  this,  on  the  Missouri  at  either  end  of  this 
old  valley  are  flats  which  contain  3,000  acres. 

Lignite, — At  the  point  marked  A  in  PI.  VI,  6^  feet  of  good  lignite 
outcrops  in  the  bottom  of  a  draw  about  80  feet  above  the  river  with- 
out revealing  the  bottom  of  the  seam.     One-half  mile  down  the 
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river  in  the  bluffs  at  the  point  marked  B,  the  following  section  m 
exposed: 

Section  at  Big  Bend,  Missouri  River* 

Feel. 

Li^iite   5. 5 

Clay    5.0 

Lignite   7.o 

Clay    Sa  t» 

Water  level. 


gave: 


One  hundred  yards  farther  down,  a  section  partly  covered  by  talus, 

Section  at  Big  Betid,  Missouri  River. 

F«l. 
Lignite 4.5 

Clay 5.0 

Lignite ao 

Clay 5a  0 

Water  level. 

The  quality  of  the  lignite  in  all  of  these  beds  is  good. 

Just  below  Shell  Creek,  at  the  point  C  on  the  map  (PL  VI),  3 J 
feet  of  good  lignite  outcrops  in  a  cut  bank  known  as  ''  the  slide/' 
This  same  seam  probably  gives  rise  to  the  spring  in  the  bluffs  2  mile^ 
to  the  north,  where  the  Indians  have  dug  through  2  feet  of  lignite  to 
give  freer  vent  to  the  water.  It  is  persistent  in  outcrop  for  3  mile^ 
to  the  south,  though  showing  but  few  good  natural  exposures. 
Although  the  exposures  noted  indicate  a  great  abundance  of  lignite 
in  seams  from  4  to  7  or  more  feet  thick,  the  amount  of  the  lift  may 
render  pumping  from  the  Missouri  out  of  the  question.  Shell  Creek 
drains  more  than  125  square  miles,  and  its  water  may  be  available  at 
least  for  portions  of  the  area  and  for  areas  of  600  to  1,000  acres  found 
along  its  ow^n  valley.  The  flow  of  water  in  Shell  Creek  on  July  IT, 
1903,  was  about  6  second-feet. 

OTHER   FLATS. 

Some  of  the  manv  flats  on  the  Missouri,  limited  in  extent,  but  not 
SO  high  as  to  render  pumping  from  the  Missouri  out  of  the  question, 
should  be  noted  in  addition  to  the  more  extensive  tracts  already 
described.  Much  of  the  woodland  on  the  upper  edge  of  the  fltxKl 
plain  can  doubtless  be  cultivated  after  clearing,  since  the  soil  is  gen- 
erally fertile  and  the  value  as  timber  land  small.  These  tracts  how- 
ever are  not  included  in  the  flats  mentioned  below. 

On  the  south  side  of  the  Missouri,  at  the  edge  of  the  old  Fort 
Berthold  Reservation,  there  is  a  flat  of  1,200  acres  lying  40  feet  above 
the  river;  no  coal  appears  in  the  immediate  vicinity. 

On  Muddy  River  cut-off,  about  10  miles  below  Williston,  on  the 
north  side  of  the  river,  are  700  acres,  20  to  40  feet  above  the  river: 
lignite  6  feet  thick  shows  in  the  bluffs  a  mile  below. 
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At  Barkers  Bend  is  a  good  flat  of  600  acres;  12  feet  of  lignite 
appears  in  "  sliding  bluff  ''  just  below. 

Opposite  Nesson  there  are  flat«  containing  1,200  to  1,500  acres  from 
25  to  50  feet  above  the  river;  the  heavy  beds  of  lignite  in  Spanish 
Point,  already  described,  are  only  3  miles  away. 

Opposite  the  mouth  of  \Miitc  Earth  River  is  an  area  of  600  acres; 
lliere  are  three  lignite  beds,  the  thickest  4  feet  deep,  in  the  bluffs  just 
behind. 

Opposite  the  mouth  of  the  Little  Knife  are  2,000  acres  in  two  ter- 
races, one  20  the  other  40  to  80  ft^et  above  the  river;  one  lignite  bed 
4  feet  thick  was  found  in  the  bluffs  behind  this  flat. 

At  the  Indian  village  of  Independence  are  1,000  acres  80  feet  above 
the  river;  lignite  outcrops  in  a  4- foot  bed  just  across  the  river. 

Five  miles  below  the  mouth  of  the  Little  Missouri,  on  the  east  side, 
is  an  area  of  500  acres  in  two  teiTaces;  lignite  outcrops  in  a  4^-foot 
bed  just  opposite. 

Just  below  the  Fort  Berthold  Agency,  on  the  opposite  side  of  the 
river,  is  a  long  narrow  flat  containing  2,000  acres,  15  to  25  feet  above 
the  river,  extending  to  Little  Beaver  Creek;  4  feet  of  lignite  outcrop 
in  the  river  bluffs  at  the  latter  place. 

Just  above  the  town  of  Mannhaven  are  1,500  acres  40  to  50  feet 
above  the  river;  8  feet  of  good  lignite  outcrop  on  the  river  at  Mann- 
haven, with  thinner  beds,  as  shown  in  the  following  section: 

Section  near  Mannhaven^  A^.  Dak. 

Feet. 

Lignite,  good 6 

Clay    2 

Lignite 1 

Clay 1 

Lignite,  good 2 

Clay 10 

Lignite,  good 8 

Sand : 12 

Water  level. 

This  section  may  be  seen  for  2,000  feet  along  the  river. 

At  Hancock  are  1,500  acres  in  a  series  of  terraces  15  to  25  feet  above 
the  river;  4  feet  of  coal  outcrops  in  the  bluffs  behind,  while  across  the 
river  the  heavy  beds,  once  developed  and  known  as  the  "  Plenty  " 
mine,  outcrop.    The  beds  there  exposed  show  the  following  section : 

Section  near  Hancock^  N.  Dak. 

Ft.  in. 

Lignite  3 

Clay 0    6 

Lignite  3 

Clay    2 

Lignite  3 
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Mr.  F.  G.  Mattoon  is  putting  in  a  pumping  plant  to  irrigate  jx^rtions^ 
of  these  flats. 

Two  miles  above  Stanton,  on  the  opposite  side  of  the  river,  are  1.000 
acres,  15  to  25  feet  above  water  level;  a  7-foot  lignite  bed  outcrops 
near  the  water  on  the  edge  of  the  flat. 

Opposite  Washburn  are  3,000  acres  in  three  terraces,  portion.s  of 
which  are  subject  to  irrigation;  6  lignite  exposures,  showing  from  3 
to  7  feet  of  coal,  occur  in  the  bluffs  and  coulees  behind  the  flats. 

At  Painted  Woods  Lake  are  flats  containing  3,000  acres ;  there  are 
4  feet  of  lignite  in  a  neighboring  draw  and  a  5-foot  bed  exposed  on  a 
creek  on  the  opposite  side  of  the  river  near  Sanger  court-house. 

At  the  mouth  of  Square  Butte  Creek,  8  miles  above  Mandan.  flats 
occur ;  2  feet  of  lignite  are  reported  2  miles  to  the  north. 

Near  Mandan  and  at  a  number  of  points  farther  down  the  river 
are  extensive  flats;  no  heavy  beds  of  lignite  are  known  to  occur  near 
them. 

LITTLE  MISSOURI  RIVER  FLATS  AND  LIGNITE. 

Terraces  are  well  developed  along  the  Little  Missouri  at  nearly 
every  point  in  its  course.  In  a  given  locality  their  number  may  l)e 
five  or  six,  and  few  localities  have  less  than  three.  Their  elevation 
varies  from  20  to  200  feet  above  the  river.  Xo  single  tract  is  large,  on 
account  of  the  meandering  of  the  river,  but  the  total  area  at  an  ele- 
vation moderate  enough  to  make  pumping  from  the  river  practical>le 
is  considerable.  A  rather  careful  estimate  of  the  area  not  more  than 
30  feet  above  the  river  places  it  at  more  than  30,000  acres,  cut  up  into 
tracts  ranging  in  size  from  50  to  1,000  acres. 

FLATS  AND  LIGNITE  IN  THE  VICINITY  OF  YULE. 

During  the  summer  of  1902,  9  townships  on  the  upper  course  of  the 
Little  Missouri,  with  Yule  post-office  as  a  center,  were  studied.  There 
is  much  diversification  in  the  topography  of  the  country,  which  in- 
cludes Little  Missouri  Valley  and  its  terraces,  the  "  breaks  ■  ■  in  the 
vicinity  of  the  river,  and  the  rolling  country  back  from  the  river. 
which  furnishes  an  unequaled  summer  range  for  cattle. 

Lignite, — Lignite  outcrops  almost  continuously,  even  in  the  shal- 
lowest of  coulees,  as  well  as  along  the  creeks  and  on  the  main  strt*am 
itself.  These  outcrops  are  from  6  inches  to  40  feet  in  thickness. 
Ranchmen  seldom  find  it  necessary  to  go  far  for  fuel.  Many  of  them 
consider  it  easier,  however,  to  go  to  the  river  in  winter  and  break  up 
the  great  blocks  of  coal  that  the  stream  has  washed  out.  There  are  a 
number  of  small  flats  on  this  stream  south  of  Medora  which  lie  well 
for  irrigation  by  pumping.  More  than  half  of  the  area  had  not  bi^en 
surveyed  in  September,  1902,  and  it  is  impossible  to  cite  locations  defi- 
nitely in  many  cases. 
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TOWNSHIPS  133  AND  138,  RANGE  105. 

In  townships  133  and  138,  range  105,  which  includes  an  area  from 
20  to  40  miles  south  of  the  Northern  Pacific  Railway,  are  the  heads  of 
a  number  of  coulees,  w^hich  flow  eastward  into  Little  Missouri  River. 
In  going  from  north  to  south,  Williams,  Garner,  Bull  Run,  Horse, 
Coal  Canyon,  Cannonball,  Boise,  and  Bacon  creeks  are  crossed,  in 
about  the  order  named.  All  of  these  creeks  show  lignite  more  or  less 
continuously  from  the  time  that  they  cut  through  the  sod  till  they 
empty  into  the  Little  Missouri ;  their  courses  vary  in  length  from  10 
to  20  miles.  None  of  them,  except  Cannonball,  are  shown  on  an  ordi- 
nary map. 

On  Williams  Creek,  6  miles  from  its  mouth,  the  following  Section 

is  given : 

Section  on  Williams  Creek,  North  Dakota, 

Feet. 

Lignite,  good 2 

Ciay 20 

Lignite,  good 4 

Clay 4 

Lignite,  1  foot  exposed ;  bottom  of  bed  not  found. 

These  beds  were  traced  for  a  mile  along  the  creek.  Along  the 
lower  course  of  the  stream  lignite  is  said  to  be  abundant. 

On  Garner  Creek  exposures  of  lignite  are  not  abundant,  though 
springs  that  probably  come  from  the  lignite  are  common,  the  lignite 
being  concealed  by  the  grassed  slopes.  A  tributary  which  unites 
with  the  creek  8  miles  above  the  Little  Missouri  is  said  to  show  a 
4- foot  bed. 

On  Hoi:se  Creek  for  more  than  6  miles  lignite  beds  varying  in 
thickness  from  3  to  6  feet  are  exposed  at  various  elevations. 

On  Coal  Canyon  Creek  an  abundance  of  lignite  is  exposed  along 
the  deep  ravine  through  which  the  stream  flows.  A  typical  section 
is  as  follows : 

Section  on  Coal  Canyon  Creek,  North  Dakota, 

Feet. 

Lignite,  fair 5 

Clay 1 

Lignite,  good 7 

Clay 1 

Lignite,  good 1 

Creek  bottom. 

This,  exposure  occurs  2  miles  west  of  the  Little  Missouri. 

On  Cannonball  Creek,  which  empties  into  the  Little  Missouri 
about  25  miles  south  of  Medora  and  is  a  stream  of  some  importance, 
its  valley  being  nearly  a  mile  wide  a  mile  from  its  mouth,  there  are  6 
feet  of  good  lignite  outcrop  in  a  single  bed.    Along  the  Little  Mis- 
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souri  and  its  tribiitaiy  ravines  in  this  vicinity  4  or  5  beds  of  ligniti? 
may  be  seen,  ranging  up  to  4  feet  in  thickness. 

On  Boise  Creek,  some  miles  above  its  mouth,  2  or  3  beds  were  seen, 
ranging  from  2  to  4  feet  in  thickness. 

On  Bacon  Creek,  at  the  J.  C.  Gamel  ranch,  in  sec.  20,  T.  183,  R.  104, 
a  bed  24  feet  thick  outcrops.     Its  quality  is  good. 

On  Sand  Creek  a  lignite  bed  40  feet  thick  outcrops  near  the  ^V.  E. 
Russel  ranch,  in  sec.  31,  T.  135,  R.  101.  The  exposure  is  continuou> 
along  the  creek  for  a  quarter  of  a  mile,  and  much  of  the  coal  can  lie 
obtained  by  stripping  less  than  10  feet  of  earth  from  the  surface.  At 
the  north  end  of  the  exposure  the  section  given  was : 

Section  on  Sand  Creek,  North  Dakota. 

Feet- 
Sandstone  2 

Clay 10 

Lignite    '2 

Clay 2 

Lignite   15 

Clay 3 

Water  level. 

At  the  south  end  of  the  exposure  the  lignite  reached  the  remarkable 
thickness  shown  below: 

Section  on  Sand  Creek,  North  Dakota. 

Feet- 
Clay  G 

Lignite   3 

Clay 2 

Lignite   40 

The  lignite  throughout  the  bed  appeared  to  be  of  good  quality,  except 
that  the  upper  2  feet  were  soft.     The  analysis  indicates  good  quality. 

On  the  Little  Missouri  near  the  777  ranch,  a  few^  miles  south  of 
Yule,  some  fine  beds  outcrop.  Rising  directly  from  the  waterV  edge 
at  one  point,  the  beds  of  clay  and  lignite  reach  a  height  of  110  feet, 
as  shown  in  fig.  3.  The  heaviest  lignite  bed  in  the  section  is  the 
lowest,  which  is  more  than  12  feet  thick. 

At  Yule  and  at  points  between  it  and  Medora  2  or  3  beds  of  fair 
thickness  and  quality  occur. 

Area. — Well -developed  river  flats  occur  along  the  Little  Missouri 
in  this  vicinity,  at  times  exceeding  500  acres  in  extent. 

FLATS  AND  LKJNITE  AT  AND  BELOW  MEDORA,  N.  DAK. 

In  the  Little  Missouri  Bluffs  at  Medora,  on  the  Northern  Pacific 
Railway,  the  section  shown  in  fig.  4  may  be  seen.  The  lignite  in  all 
the  beds  is  of  good  quality.     It  outcrops  repeatedly  on  the  west  side  of 


wiLDBL]  LITTLE   MT9SCCB1   BIVER.  41 

the  river.  Both  north  and  south  of  Aletlora  for  a  niimlH-i-  of  miles 
li^ite  is  as  iibiin<lant  as  at  the  pointti  cited.  At  some  points,  as 
iie^i-  the  Euton  much,  it  is  mined  for  local  use. 

The  larger  flats  along  this  portion  of  the  Little  Missouri  are  noted 
below,  with  the  amount  of  lignite  knoivu  to  occur  in  their  vicinity. 
The  land  has  not  yet  l)eon  surveyed,  and  locations  are  noted  by  refer- 
ring to  ranches  in  tlie  vicinity. 


Near  the  Burgess  ranch,  4  miles  north  of  Medora,  are  several 
flats  from  .lO  to  ICO  acres  in  extent;  lignite  appears  in  three  beds, 
each  from  .1  to  4  feet  thicli. 

Between  Burgess  and  Parkin's  ranch,  five  miles  north  of  Medora, 
are  flats  amounting  to  400  acres,  100  acres  of  which  are  about  25 
fret  above  the  river;  two  lignite  beds  4  to  S  feet  thick  appear. 

Near  ^'oung's  ranch  are  flats  containing  400  acres;  lignite  occurs  in 
large  quantities  on  Government  CrtH'k. 

From  Young's  to  Johnson's  ranch  are  flats  containing  ;J00  acres. 
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Near  Mikkelson  are  flats  containing  2.50  acres,  25  feet  above  the 
rivor,  and  100  acres  in  addition  in  the  vicinity;  lignite  is  preHent  in 
four  beds,  each  from  3  to  5  feet  thick;  2  miles  below  Mikkolsmi  n 
18- foot  bed  is  exposed  in  a  small  butte.     ( PI,  VII,  B.) 

Near  Carter's  ranch,  3  miles  below  Mikkelson,  are.  flats  containing 
250  acres  and  on  the  opposite  side  of  the  river  1(K(  acres;  lignite  i> 
abundant  in  the  vicinity,  a  9-foot  bed  outcropping  2  miles  l)elow  (lie 
1ast-nan;ed  flat. 

Between  Medora  and  the  month  of  the  Little  Missouri  several  anall 
flats  ranging  from  50  to  500  aci-es  occur,  which  are  from  15  to  30  fwt 
above  the  water;  lignite  is  abundant  all  along  this  portion  of  the 
river  and  is  of  good  quality. 


Llanitc, 

.Hit. 

Lignite 

,  SfL 

Lignite 

,.1ft 

Pii).  4. — Section  BbonlDg  lignite  Beams  In  the  bluffn  at  Medorn- 

Near  President  Boosevelt's  old  ranch  are  flats  which  have  an  area 
of  200  acres;  there  is  a  5-foot  lignite  bed  in  the  adjacent  draw. 

Near  Clark  and  Morgan  ranches  large  flats  occur  at  the  mouths  of 
Blacktail  and  WTiitetail  creeks,  which  here  unite  with  the  Little  Mis- 
souri from  the  east;  they  include  400  to  600  acres,  with  a  10- fool 
lignite  bed  outcropping  just  across  the  river  and  3-  to  4-foot  beds 
showing  on  the  same  side. 

Near  the  mouth  of  Beaver  Creek,  both  on  this  creek  and  on  the 
Little  Missouri,  are  large  flats,  the  total  area  practicable  for  irriga- 
tion being  more  than  600  acres,  (PI.  VIII,  A.)  Lignite  in  beds  3 
to  4  feet  thick  may  be  seen  at  a  number  of  points  in  adjacent  blufl's. 

Near  Simpson's  ranch  and  Magpie  Creek  is  an  area  of  500  acres, 
from  15  to  25  feet  above  tlie  river,  broken  into  three  tracts;  two  beds 
of  lignite  are  exposed  near  by,  each  3  feet  thick. 
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Near  Gore  brothers'  ranch  are  level  flats  containing  200  acres  16  to 
!25  feet  above  the  river ;  lignite  appears  in  two  3-foot  beds. 

Near  Martin's  ranch  and  Bolan  and  Redwing  creeks  is  a  200-acre 
flat ;  there  are  lignite  beds  from  2  to  10  feet  thick. 

CHERRY   AND   TOBACCO   GARDEN    CREEK   FLATS. 

A7'ea  and  water  supply. — From  the  first  permanent  eastward  bend 
of  the  Little  Missouri  northeast  to  the  Missouri  there  extends  an 
ancient  river  vallev,  drained  by  Cherrv  Creek  into  the  former  stream 
and  by  Tobacco  Garden  Creek  into  the  latter,  and  also  by  the  greater 
parts  of  Redwing  and  Bolan  creeks. 

This  valley  is  indicated  by  broken  lines  on  PL  I ;  it  seems  to  mark 
the  course  of  the  Little  Missouri  during  some  pre-Glacial  period.  It 
is  about  30  miles  long,  and  from  1  to  5  miles  wide. 

The  highest  point  of  the  old  valley  is  Bear  Butte,  which  forms  the 
divide  between  Redwing  and  Cherry  creeks.  Numerous  tributaries, 
which  carry  considerable  water  in  the  spring,  but  are  dry  in  the  sum- 
mer, enter  both  Cherry  and  Redwing  creeks  as  they  flow  through  the 
old  valley.  Most  of  these  tributaries  head  in  the  divide  between  the 
Yellowstone  and  Little  Missouri,  and  attain  a  maximum  length  of  4 
or  5  miles.  They  are  significant  in  connection  with  the  irrigation  of 
the  valley,  for  land  here  is  being  taken  under  the  desert  land  act,  the 
intention  being  to  irrigate  by  building  reservoirs  in  the  small  tribu- 
taries to  the  creeks  just  named. 

The  bluffs  back  of  the  old  valley  are  very  abrupt.  Under  present 
conditions  the  most  fertile  portion  of  the  valley  is  found  on  the  upper 
part  of  Cherry  Creek.  The  X  ranch,  owned  by  the  Converse  Cattle 
Company,  grazed  nearly  5,000  cattle  on  this  portion  of  the  valley  dur- 
ing the  entire  siunmer  of  1902.  Irrigation  by  means  of  reservoirs  in 
the  tributary  creeks  and  coulees  is  practicable  to  some  extent. 

FLATS   AT   AND   BEIX)W   FORT  BERTHOLD. 

After  entering  the  Fort  Berthold  Reservation  the  flats  on  the  Little 
Missouri  become  insignificant. 
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LIGNITE   OUTCROPS. 


A  list  of  the  more  important  lignite  outcrops  on  the  Little  Missouri, 
and  their  position  with  reference  to  the  river  and  flats,  is  given  in  the 
following  table: 

The  more  important  lignite  outcrops  on  Little  Missouri  River,  North  Dakoia. 


Location. 


4  milee  from  Medora,  in  , 
buttes.  I 

opposite  Bnrges8*B  ranch . 


2  miles  below  Burgess i  j 

5  miles  blow  Burgess 1 1 

8  miles  west  of  Parker's  '  j 
ranch.  {[ 

3  miles  east  of  Young 
ranch. 

2  miles  sou  th  of  Mikkelsou 
2  miles  north  of  Mikkelson 


-i 


Reed's  ranch 

Mouth  of  Beaver  Creek  . . 

I 

I 

Near  Morgan's  ranch 


Near  Simpson's  ranch. 
Bolan  Creek '. 


Redwing  Creek 
Boehm's  ranch . 
Squaw  Creek... 


Near    southwest  corner 
Indian  reservation. 

Near  Manning's  ranch 


3 

8 
5 
6 
3 
5 
3 
3 
3 

10 
17  to  18 

16 
8 

10 
3 
8 
8 

w 

( 

10 

6to8 

10  to  12 

3to4 

10  to  12 

i 

3  to  4 

4  to  5 
4  to  5 

12 

12 
6  to  6 


Extent  of 
outcrop. 


I    Elevation      ^j^ff®     Distanre  frr. 

above  river.        ^^™ 
nver. 


m 


20  feet 1  225  feet. 


20  rods 


2i  miles 


[4  rods 

[Several  rods do 


River  level.  On  river 
do ' do... 


do.. 


24  xnilee. 
40  rods. 

A  few  rod& 

1  mile. 


.do I  8andl5foet 


.do 


10  rods 

6  rods 

[several  rods. 

>1  mile 

do 

f  mile 

1  mile 

k  mile 

1 


200  and  300  i  3 miles., 
feet. 

Near  water    On  river 

Water  line.' do... 


40  feet. 


.do 


3  milea. 
Irod. 

'/Just 
I    river 


I 


the 


20to40fcet do :  Acpobb  river. 


River  level. 

30  to  80  feet do 


10  rods 

14  rods 

4rod8 

2  to  3  miles. 

20  rods 

do 


30  feet 

0  to  60  feet 


.do Edge  of  flata. 

40  rods. 
80  rods. 
Acxtns  river. 


10  rods.. 
On  river 


100 feet li  miles..!  SmxleB. 

.....do.... 


f< 


mile . . . 
On  river 


300  feet 1  mUe 

200  feet ! do 


10  to  20  feet 


t 


On  river 
do... 


i  mile. 
i  mUe. 

Acnx»  river. 
i  mile. 
1  mUe. 
'  A  few  rodA. 

40rod.s. 
'         Do. 
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FLATS  AND  LIGNITE  ON  KNIFE  RIVER  AND  TRIBUTARIES. 

FLATS. 

Knife  River. — ^The  Knife  River  flats  are  like  those  along  the  Little 
Missouri  just  described,  differing  mainly  in  not  being  so  shut  in  by 
liigh  bluffs  and  in  having  the  slopes  to  the  uplands  comparatively 
linc'adual. 

The  flow  of  water  in  Knife  River  even  in  summer  is  often  consider- 
able. On  July  31,  1903,  it  was  too  deep  to  ford  near  its  mouth,  and 
when  seen  again  at  the  same  point  on  August  21  there  was  a  foot  of 
swiftly  flowing  water  over  the  fords,  which  were  25  feet  or  more  wide. 

For  15  miles  from  its  mouth  the  flats  are  extensive,  often  reaching  a 
width  of  a  mile  and  including  in  all  about  4,000  acres,  which  lie  from 
15  to  25  feet  above  the  river.  Lignite  is  found  along  all  the  bluffs  at 
the  mouth  and  outcrops  in  nearly  every  coulee.  An  8-foot  bed  is 
mined  4  miles  south  of  the  river  on  the  west  bank  of  Brodv  Creek. 

Below  Hazen  the  river  flats  within  4  miles  embrace  2,500  acres. 
A  4-foot  lignite  bed  is  found  4  miles  north  of  Hazen.  From  Hazen  to 
the  mouth  of  Spring  Creek,  the  main  tribuary  of  Knife  River,  a  dis- 
tance of  10  miles,  are  flats  that  lie  20  feet  above  the  river  and  have  an 
area  of  2,000  to  3,000  acres. 

From  Broncho  to  Rock  Springs,  on  Knife  River,  the  average 
width  of  the  flats  is  one-half  mile,  and  the  total  acreage  considerable. 
Four  feet  of  lignite  outcrop  in  sec.  14,  T.  143,  R.  94. 

Spring  Creek, — Flats  extend  up  Spring  Creek  for  a  mile,  above 
which  to  Halliday  they  are  cut  up  into  small  tracts  of  30  to  40  acres. 
Lignite  in  two  beds  outcrops  near  O'Neil's  ranch. 

From  Halliday  to  Pelton's  ranch,  on  Spring  Creek,  a  distance  of 
about  12  miles,  flats  are  extensive  and  include  about  4,000  acres. 
Spring  Creek  is  perennial,  and  its  flow  is  considerable.  At  Paulson's 
ranch  a  16-foot  bed  of  good  lignite  outcrops.  It  is  covered  by  only  10 
to  20  feet  of  clay,  and  furnishes  fuel  for  the  neighboring  ranches. 
There  is  much  coal  in  the  vicinity  of  Halliday,  as  shown  by  springs 
and  outcrops  along  the  creek.  At  Olaf son's  ranch  two  beds  of  good 
lignite  2  and  3  feet  thick  outcrop  on  the  north  side  of  the  creek.  Six 
miles  north  of  Halliday  on  Hans  Creek  a  spring,  which  issues  from 
a  lignite  outcrop,  is  used  for  irrigation.  On  the  south  side  of  this 
creek  a  bed  said  to  be  10  feet  thick  is  mined  in  winter. 

Famiers  Valley. — Farmers  Valley,  which  extends  from  Hebron  to 
a  point  north  of  Gladstone,  and  then  north  through  Deep  Creek  Val- 
ley to  Rock  Spring  post-office,  contains  10,000  acres  of  land  fit  for  irri- 
gation if  water  could  be  found.  In  sec.  33,  T.  141,  R.  93,  a  possible 
reservoir  site  exists. 
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LIGNITE  OUTCROPS. 


The  following  table  gives  the  more  important  lignite  outcrops  on 
Knife  River  and  Spring  Creek  and  their  position  with  reference  to 
river  flats : 

Lignite  outcrops  on  Knife  River. 


Location. 


Hec.9,  T.  Ii43-de,  Q.  Weige 
tk  miles  east  of  Weige ... 

5  mileB  west  of  Weige  ... 
Olaf son's  at  HalUday  .... 


Nam- 
bepof 
beds. 


Opposite  HalUday 

Soo.  ir),T.145,R.« 

Anderson's,  sec.  28,  T.  146, 
R.  t». 

Panlson's,  sec.  27,  T.  liS, 
R.  08. 

Paulson's,  sec.  12,  T.  142, 
R.99. 

Corey's,  see.  28,  T.  144,  R.  96 

Beck's,  sec.  4,  T.  lU,  R.  97. 


Fayette 


Brannen's,  sec.  84,  T.  144, 
R.  99. 

5  miles  south   of  Bran- 
nen's. 

Sec.  13,  T.  141,  R.  93,  north 
of  Richardton. 

2^    miles    northwest   of 
Richardton. 

Sec.  33,  T.  141,  R.  98 

Sec.  14,  T.  143,  R.  94 

Sec.  13,  T.  148,  R.  94;  O. 
Ziner's. 

Sec.  15,T.14S, R. 94;  Bailey. 


Sees.  9  and  2,  T.  142,  R.  92: 
M.  Hanson. 


Sees.  5,  7.  and  9,  T.  140,  R.  , 
90;  Crowleys.  ' 

Sec.  4,  T.  142,  R.  90;  P.  M.  ' 
Smith. 

Soc.  14,  T.  148,  R.  89;  GJer- 
echts. 


1 
1 

1 
2 

1 
1 
1 

1 

1 

1 
1 

1 
1 
1 

1 

1 

1 

1 
1 

1 


Thick- 
ness in 
feet. 


5to6 
10 

5 
2toS 

5 
4 

a  10 

16 
5to6 

4 

I>4 


Extent  of 
outcrop. 


10  feet. 
20  rods 


Elevation 

above 

stream. 


stream.    '  ^^ 


On  creek.  Onedgeoffl&t 

Taken  on  report;  said  to  be  on  edge  of 
flat  and  accessible. 


10  rods 

do Oncreek. 


5  rods • do.. 

4rod8 ' '  Imile.. 

' ,  7  miles. 


Edge  of  flu. 

Edge  of  an- 

acreflat. 

Faces  flat 


I 


40  rods 


6rods I  30 feet. 


Oncreek. 


Near  40a«cr8 
flat 

Near   6(D«rR 
flat 


Extensive. 


This  bed  is  on  Little  Knife,  between 
Fayette  and  Rickardton. 

***  ^  il«rt  w^o  JBeds  run  along  creek  at  elevation  of  10 

^||airoas j    feet;  6-foot  bed  reported  6  miles  west 

5   '  Placed  upotn  the  Little  Miasouri  divide. 

I  i 

5   ,  Extends  along  draw  for  several  mfles. 


4 

4 

4 
4 

8  to  4 


'  Near  fltUVtcre 
flat 


5to6 

3  to  4 
3to4 
6  to8 
4to5 

5to6 


40  rods 


5rods 


20  feet. 


Oncreek. 


Near 
Knife 
River. 


Do. 

2i  miles. 

Nearl,OnO«:Te 
flat 

Near  600«cre 
flat 


Near  SHMure 
flat 


a  Reported. 


ft  At  spring. 


On  the  lower  Knife  River  lignite  is  obtained  at  many  points  on 
the  north  side  of  the  stream.  The  bed  is  3  to  4  feet  thick.  Lignite 
may.  also  be  obtained  from  a  bank  4  miles  south  of  Hazen,  where  the 
bed  is  8  to  10  feet  thick. 
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FL.ATS  AND  LIGNITE  ON  HEART  RIVER  AND  TRIBUTARIES. 


Attractive  flats,  each  containing  a  few  Imndred  acres,  may  be  found 
ailong  Heart  River  and  its  tribntary,  (Ireen  River. 


Heart  Rirer. — Lignit*  outcrops  are  fre«]iieiit  along  both  the  Heart 
nnd  the  Green,  some  of  the  largest  mines  in  the  State  being  located 
in  their  vicinity.  The  New  Salem  mines,  only  12  miles  north  of 
TIeart  River,  had  an  output  of  i7,(KH)  tons  during  the  yt^ar  in02-3. 
Other  mines  at  Sim.s,  no  farther  from  the  river,  are  producing  exten- 
sively- Between  New  Salem  and  the  river  '»-f(K)t  beds  outcrop  at  a 
number  of  points  and  are  mined  on  the  strip-pit  plan. 

The  mine  of  the  Consolidated  Coal  Company  at  Lehigh,  3  miles 
vast  of  Dickinson,  has  developed  a  remarkably  fine  bed  of  lignite 


LIsnItc,  12-16  ft. 


Fro.  E. — Election  at  tbe  Lehigh  mine. 

which  varies  in  thickness  from  12  to  16  feet.  It  outcrops  con- 
tinuously along  the  river  for  3  miles.  Thirty  feet  above  this  thick 
l>ed  a  .'i-foot  bed  is  frequently  exposed,  and  alK>ve  this  another  and 
more  variable  bed.     (Fig.  5.) 

At  two  points  on  the  outskirts  of  Dickinson  lignite  is  mined  in 
considerable  quantities.  At  the  plant  of  the  Dickinson  Pressed  Brick 
and  Fire  Clay  Company  a  5-foot  bed  is  mined  by  stripping.  The 
Lenneville  mine,  half  a  mile  east  of  Dickinson,  shows  a  bed  varying 
in  thickness  from  4  to  8  feet.  Lignite  from  this  mine  ordinarily 
sells  for  $1.50  i>er  ton  at  the  mine. 
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Three  and  4  miles  west  of  Dickinson,  on  Heart  River,  a  4-foot  aiu* 
a  7-fo()t  bed  outcrop  frequently.  The  lignite  at  the  Bird-Stone  mint*, 
in  sec.  6,  T.  139,  R.  98,  outcrops  on  Heart  River,  and  may  be  seen  fnun 
the  Northern  Pacific  Raihvaj'.  The  bed  is  16  feet  thick,  the  upp.r 
part  Ixnng  inferior  in  quality  at  the  outcrop;  the  lower  <S  feet  i- 
excellent.  In  section  8  of  the  same  township  the  bed  outcrops  agaii:. 
On  the  south  side  of  the  Little  Heart,  between  South  Heart  and  IVl- 
iield,  a  O-foot  bed  of  excellent  coal  occui's.  It  may  be  seen  best  in  :<^''. 
10,  T.  139,  R.  98,  a  school  section. 

Green  River, — North  of  Dickinson  lignite  abounds  on  Green  Riv<*r 
throughout  its  course.  Near  its  mouth  at  Gladstone  beds  of  excel- 
lent quality,  though  not  exceeding  5  feet  in  thickness,  are  found  on 
the  Rust  and  A.  B.  Powers  farms  in  sees.  26  and  27,  T.  140,  R.  *.U">. 
The  exposures  are  directly  on  the  river  and  near  water  level.  Twc 
miles  farther  up  the  stream,  in  W.  \  sec.  22,  T.  140,  R.  95,  a  3-f«x»i 
l>ed  of  good  lignite  is  mined  by  the  owner  of  the  ranch  on  whicli  ir 
occurs.  At  the  Kupper  ranch,  due  north  of  Dickinson,  a  15-foot  Ir-*I 
of  excellent  lignite  outcrops  for  a  long  distance  on  the  edge  of  Gn*<*ii 
River.     This  bed  is  known  to  be  verA'^  extensive. 

Coalmine  Creelc, — Coalmine  Creek,  a  tributarv  of  Heart  River, 
which  unites  with  it  a  mile  east  of  Belfield,  shows  great  quantitit*^ 
of  lignite  along  its  course  for  at  least  5  miles.  Two  good  banks  wen- 
examined,  one  0  feet  thick  in  sec.  28,  T.  140,  R.  98,  the  other  7  ii^i 
thick  in  sec.  27,  T.  140,  R.  98.  A  number  of  additional  openings  have 
been  made  along  this  creek  from  which  lignite  is  taken.  In  sec,  '10. 
T.  140,  R.  99,  5  feet  of  a  bed  said  to  be  9  feet  thick  may  be  seen. 

Norwegian  Creek. — Three  miles  south  of  Belfield,  on  Norwegian 
Creek,  a  tributary  of  the  Little  Heart,  which  flows  east  and  imitt^ 
with  the  Little  Heart  8  miles  southeast  of  Belfield,  a  number  of 
l)eds  are  exposed  and  slightly  opened.  They  include  the  Englehard- 
son  bank,  in  sec.  20,  T.  139,  R.  99,  with  lignite  6  feet  thick,  an<l  tho 
Anderson  bank  in  section  19  of  the  same  township,  w^ith  a  bed  I'l 
feet  thick.  In  the  vicinity  of  all  of  these  lignite  outcrops  there  an* 
flats  of  moderate  elevation. 

FLATS  AND  LIGNITE  ON   CANNONBALL  AND  CEDAR  RIVERS. 

Terraces  of  different  elevations,  with  a  considerable  total  area,  oc^iir 
along  the  course  of  the  Cannonball  below  its  union  with  the  Cedar 
and  along  both  streams  for  60  miles  above  their  junction.  On 
account  of  the  meandering  of  the  rivers,  and  the  rather  limited  width 
of  the  terraces,  more  than  600  acres  are  rarely  found  in  a  single  tract 
With  the  data  now  at  hand  it  does  not  seem  practicable  to  irrigate 
areas  larger  than  this  by  pumping  from  a  single  fixed  station.    It 
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may  be,  however,  that  detailed  study  will  show  that  two  or  more  of 
these  tracts  may  be  connected  by  ditches  and  treated  as  one. 

CANNONBALL   RIVEK   FLATS. 

Area  and  soil. — The  elevation  of  the  Cannonball  flats  varies  from 
10  to  80  feet.  The  soil  is  generally  fertile,  and  at  many  points  is  well 
orrassed.  In  places  it  appears  to  be  gumbo,  while  at  othei*s  it  is  too 
sandy^  for  agriculture.  Taken  together  these  flats  have  a  consid- 
erable ai'ea,  perhaps  30,000  or  more  acres,  with  soil  and  topography 
favorable  for  irrigation.  As  on  the  Missouri,  there  are  opportunities 
to  form  reservoirs  on  the  tributarv  streams  and  divert  the  water  so 
controlled  to  the  flats  of  the  larger  stream.  The  difficulties  here,  as 
there,  will  be  found  in  constructing  at  reasonable  expense  rest»rv()ii*s 
sufficiently  strong  to  bear  the  water  put  upon  them  by  violent  storms. 

Lignite, — Lignite  is  not  abundant  on  the  Cannonball  below  Wade 
post-office,  where  the  Cedar  unites  with  it.  Only  the  following  out- 
crops were  noted : 

Three  feet  of  coal,  reported  in  Castle  or  Palace  Butte,  about  6 
miles  north  of  Cannonl^all  post-office,  at  the  mouth  of  the  river. 
Samples  examined  were  of  fair  quality. 

A  14-inch  bed,  mined  by  stripping,  about  18  miles  from  the  mouth 
of  the  Cannonball,  in  sec.  21,  T.  134,  R.  81.  The  outcrop  occurs 
close  to  the  river. 

A  bed  2J  feet  thick,  reported  in  a  bank  4  miles  northwest  of 
Shields  post-office,  and  an  equal  distance  from  the  river. 

A  bed  18  inches  thick,  reported  3  miles  north  of  Howe  post-office. 

A  careful  search  made  along  the  bluffs  where  good  exposures  occur 
brought  to  light  only  beds  a  few  inches  thick,  till  the  upper  Cannon- 
ball  was  reached. 

Forty  miles  east  of  New  England  post-office  heavy  lignite  beds  out- 
crop, and  appear  continuously  from  this  point  for  50  miles  up  the 
stream.     The  following  may  be  briefly  tabulated : 

Lignite  beds  on  upper  Cannonball  River,  North  Dakota. 

Feet. 
O.  S.  Chase  bank,  sec.  31,  T.  134,  R.  92 2-3,  good. 

E.  C.  Barry,  bank,  sec.  4,  T.  133,  R.  92 3,  good. 

Sec.  21,  T.  i:i4,  R.  94 3,  good. 

NW.  1  sec.  22,  T.  134,  R.  M 3,  goo<i. 

Sees.  21  and  22,  T.  135,  R.  9(5 4,  good. 

Jacob  Reiss  bank.  sec.  22,  T.  136,  R.  97 7,  good. 

John  Ermintrout  bank,  (5  miles  northeast  of  New  England 3 

Two^ls,  5  miles  west  of  New  England 9,  good. 
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COALBANK   CREEK. 


Lignite, — Coalbank  Creek,  a  tributary  of  the  Cannonball,  whi«h 
unites  with  it  near  New  England,  shows  good  lignite  l^eds  fri*c|uently: 
one  4- foot  l^ed  may  be  found  4  miles  from  the  mouth  of  the  creek. 

CEDAR   RIVER. 

Lignite. — On  the  upper  Cedar  River  lignite  is  said  to  l>e  abundar.t. 
and  judging  from  observations  on  the  adjacent  tribuhiries  of  ilie 
Cannonball  the  reports  are  probably  cori-ect.  The  same  statement 
can  l)e  made  for  the  upper  Grand  River  in  South  Dakota. 

PRESKNT  STATUS  OF  lURIGATION  IN  NORTH  DAKOTA. 

A  great  part  of  the  irrigation  in  North  Dakota  is  due  to  the  stimu- 
lus given  by  the  desert-land  act.  The  application  of  this  law  in  thi» 
State  seems  to  have  been  free  from  abuse,  and  a  further  application 
of  it  has  l)een  prevented  bj'  the  fact  that  extensive  areas  in  the  semi- 
arid  portion  of  the  State  are  not  recognized  as  desert  land  by  the  land 
offices.  The  only  part  of  the  State  where  desert-land  claims  may  In* 
filed  is  the  northwestern,  and  here  there  is  alwavs  some  uncertainty  a> 
to  what  the  ruling  of  the  land  office  will  Ik?  till  each  claim  is  finally 
inspected. 

FLATS  PARTLY  IRRIGATED. 
YELLOWSTONE    FLATS. 

On  the  Yellowstone  flat  in  North  Dakota,  and  just  over  the  line  in 
Montana,  the  following  claims  have  been  filed : 

Andrew^  F.  Nohle:  Resei'voir  on  Fourmile  Creek,  a  tributary  of 
the  Yellowstone  in  Montana,  near  the  boundary  line.  Fourniilo 
Creek  is  said  to  have  a  drainage  area  of  24  square  miles.  The  Nohlt* 
dam  when  completed  will  be  20  feet  high  in  the  center,  and  the  res- 
ervoir when  filled  will  have  a  surface  area  of  388  acres. 

A.  W.  Mann :  Claim  in  SE.  \  sec.  31,  T.  152,  R.  104.  He  purpos**s 
lo  obtain  water  from  draws  in  the  bluffs  behind. 

Sarah  and  Kate  Mercer:  Desert  claims  on  NW.  \  sec.  32,  and  NE.  } 
sec.  31,  T.  152,  R.  104.  They  obtain  water  from  draws.  The  main 
ditch  to  ccmtrol  these  areas  is  already  constructed. 

BUFORD-TRENTON    FLATS. 

On  the  Buford-Trenton  flats  Mr.  Edwin  Jack  (post-office,  Trenton) 
lias  been  foremost  in  the  effort  to  secure  water  for  irrigation.  Asso- 
cited  with  him  are  Carl  Wittmeier,  Grant  Conley,  and  Charles  Schu- 
maker.     A  dam  on  Eightmile  Creek,  which  comes  down  from  the 
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north  and  spreads  out  over  the  Missouri  bottom  lands  3  miles  west  of 
Trenton,  has  been  constructed  across  the  creek  bed.     The  reservoir 
so  formed  has  a  surface  area  of  75.4  acres,  and  a  capacity  of  521.5 
acre-feet.     The  dam,   which   is  of  earth   faced   with   stone,  has  a 
suitable  flume  and   waste  gate.      It^s  present  capacity   is  regarded 
as  sufficient,  aided  by  the  rainfall  and  inflow  during  the  irrigating 
reason,  to  care  for  400  acres.     The  dam  has  washed  out  twice  and  has 
been  rebuilt  each  time  in  a  more  substantial  manner.     Up  to  the  pres- 
ent al)out  $8,000  have  been  expended  on  reservoir  and  ditches,  with 
results  which  have  satisfied  the  owners  that  the  outlay  is  justified. 
The  capacity  of  this  reservoir  could  be  increased  considerably  with- 
out great  expense,  and  it  is  probable  that  water  from  Eightmile 
Creek  would  still  fill  it  if  its  capacity  were  not  much  above  1,000 
acre-feet. 

MUDDY    RIVER    FLATS. 

The  most  notable  attempt  to  irrigate  in  the  vicinity  of  Williston 
was  made  a  few  years  ago  by  Mr.  Fred  Rounsaville  of  that  place. 
Ten  miles  above  Williston,  in  st^c.  5,  T.  153,  R.  100.  he  constructed  a 
<lam  to  divert  the  water  from  the  stream  and  throw  it  into  a  lateral 
ditch,  which  would  irrigate  the  flats  on  the  right  bank  of  the  Muddy, 
and  possibly  a  portion  of  the  flats  at  its  mouth  on  the  Missouri.  No 
attempt  to  store  the  water  was  included  in  the  plan.  The  dam  was 
constructed  and  a  portion  of  the  ditch,  when  the  work  was  stopped  by 
the  death  of  Mr.  Rounsaville.  The  property  is  now  offered  for  sale. 
On  the  Muddy  al)ove  Williston  and  on  its  tributaries  the  following 
irrigation  work  is  in  progress,  the  operations  for  the  most  part  being 
limited  to  spring  flooding  for  grass: 

George  Marelius  and  Stephen  A.  Marmon  have  a  rest»rvoir  in 
T.  151,  R.  101,  on  Blacktail  Creek,  a  tributary  of  the  Muddy  from 
the  west.  They  are  said  to  be  flooding  1,200  acres  for  both  grass  and 
grain. 

The  Freeman  family  are  constructing  a  reservoir  on  the  upper 
course  of  the  Muddy,  in  sc»cs.  20,  23,  29,  and  30,  T.  158,  R'.  100,  where 
they  are  planning  to  irrigate  1,900  acres. 

Ellen  Adams  has  a  desert-land  claim,  which  is  now  proved  up,  in 
sees.  28  and  29,  T.  155,  R.  98.  Water  is  taken  from  coulees  that  are 
dry  in  summer,  and  the  irrigation  is  for  grass  only. 

Joseph  Langford  is  irrigating  300  acres  in  sees.  21  and  27,  T.  157, 
R.  100,  on  the  upper  Muddy. 

F.  R.  Zahl  and  his  famil}'  hold  a  section,  which  he  irrigates  for 
grass,  in  sees.  24  and  25,  T.  159,  R.  101,  at  the  mouth  of  Scoria  Creek, 
a  tributary  of  the  Muddy. 

L.  L.  and  Howard  Lampman  irrigate  two  sections  on  Cow  Creek, 
a  tributary  of  the  Muddy,  in  T.  15G,  R.  102. 
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James  Sherry,  on  Stump  Creek,  a  tributary  of  the  Muddy  from  the 
west,  irri^tes  a  '20-acre  garden  in  sec.  2,  T.  156,  R.  102,  by  pumping 
from  a  rest^rvoir  in  the  creek.  During  the  year  1903  he  pumped  only 
4  days,  this,  with  the  rains,  U»ing  enough  to  mature  a  full  crop  of 
garden  truck.  An  8-horsepower  gasoline  engine  lifted  800  barrels 
an  hour  20  feet.  With  gasoline  at  30  cents  a  gallon,  the  cost  of 
operation  per  day  of  10  hours  was  $3.  The  owner  estimates  that 
with  the  rain  of  an  ordinary  year  to  assist,  his  plant  is  capable  of 
irrigating  IGO  acres.  The  soil  is  a  sandy  loam  with  clay  subsoil. 
The  cost  of  pumj),  pipes,  and  engine  delivered  at  Willistou  was  ^'^Sll. 
Mr.  Sherry  has  great  faith  in  the  profit  to  be  derived  from  the 
enterprise,  and  next  year  will  extend  the  area  that  he  irrigates. 

]Mr.  E.  A.  Sharp,  on  his  farm  2  miles  northeast  of  Williston,  in 
st»cs.  17  and  20,  T.  154,  R.  100,  is  installing  a  10-horsepower  gasoline 
engine  and  a  centrifugal  pump,  which,  for  his  lift  of  10  feet,  has  a 
claimed  capacity  of  735  gallons  a  minute.  He  intends  to  irrigate 
for  grass  and  grain.  Water  will  be  taken  from  Stony  Creek  and 
Muddy  River.  He  estimates  that  he  can  irrigate  200  acres  with  his 
plant,  and  that  30  days  will  be  a  maximum  time  for  operation  in  an 
ordinarv  vear. 

Joseph  Langford  has  320  acres  in  sees.  21  and  27,  T.  157,  R.  100, 
which  he  irrigates  from  the  Muddy. 

The  Hedderick  ranch  (formerly  the  Voss)  irrigates  extensively 
for  grass  at  the  mouth  of  Cow  Creek,  on  the  Muddy  flats. 

R.  M.  Calderwood,  Grant  Greenup,  Francis  Hendrickson,  and 
others  have  filed  desert-land  claims  on  Camp  Creek,  in  T.  151,  R.  102, 
and  have  made  preparations  to  irrigate  extensively. 

LITTLE    KNIFE    FLATS. 

Mr.  Black  has  irrigated  with  profit  for  grass  at  the  mouth  of 
Little  Knife  Creek  for  a  number  of  years. 

NESSON-HOFFLUND   FL.\T8. 

The  Nelson  ranch,  at  the  mouth  of  Nelson  Creek,  on  the  upper 
terrace  at  that  point,  is  an  illustration  of  the  possibility  of  irrigating 
like  land  at  a  moderate  cost  from  the  creeks  coming  down  from 
the  upland.  An  earth  dam  at  the  mouth  of  Nelson  Creek  diverts 
the  water  and  laterals  spread  it  over  a  considerable  area  so  that  600 
acres  or  more  are  flooded  in  the  spring.  The  ground  is  thoroughly 
soaked  to  a  depth  of  2  feet  and  is  then  allowed  to  stand  a  week 
before  cultivation.  On  land  so  prepared  oats  often  yield  60  bushels 
to  the  acre  and  wheat  25,  while  the  surrounding  country,  as  favorably 
located  except  for  the  flooding,  yields  from  nothing  to  10  bushels. 
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One  of  the  earliest  attempts  at  irrigation  in  North  Dakota  was 
made  at  the  old  Grinnell  ranch,  at  the  mouth  of  Beaver  Creek, 
where  by  dams  and  ditches  the  water  from  the  creek  was  spread  over 
several  hundi'ed  acres  of  the  lower  Hofflund  flat.  Part  of  the  same 
area  is  irrigated  in  the  same  way  by  H.  A.  Carey.  Carey's  dam  is 
20  feet  high  and  is  not  intended  to  store  water  in  the  creek  bed 
back  of  it  to  any  considerable  extent  but  to  divert  it  to  the  laterals 
during  the  abundant  water  supply  of  the  spring. 

Ole  Barsted  has  a  dam  and  ditch  on  Dry  Fork  Creek,  near  its 
junction  with  the  Beaver.  Higher  up  on  this  creek  are  the  dams 
of  Wallender  and  Manly  Anderson. 

Nels  J.  Camp,  William  Barsted,  and  George  Littlefield  are  divert- 
ing water  for  irrigation  on  Beaver  Creek  above  Carey's. 

Ward  is  irrigating  tlie  east  end  of  the  lower  flat  at  Hofflund,  at 
the  old  Lampman  ranch. 

HANCOCK    FLATS. 

Mr.  F.  G.  Mattoon  is  putting  in  an  extensive  pumping  plant  to  irri- 
gate a  portion  of  the  fine  flats  on  the  Missouri  at  Hancock. 

HEART   RIVER   FLATS. 

Fisher  Brothers,  on  Green  River,  a  small  tributary  of  the  Heart, 
7  miles  north  of  Dickinson,  have  irrigated  for  two  years,  pumping 
water  from  the  river.  The  lift  is  15  feet,  and  a  centrifugal  pump 
with  a  discharge  pipe  having  an  inside  diameter  of  8  inches  is  used. 
A  temporary  dam  10  inches  high  and  30  feet  long  was  thrown  across 
the  river  in  1901  and  retained  all  the  water  needed  to  irrigate  40 
acres.  In  1902  an  abundance  of  rain  made  irrigation  unnecessary. 
With  this  pump,  which  is  driven  by  an  ordinary  farm  engine,  1,500 
gallons  per  minute  are  easily  raised  15  feet.  The  cost  of  the  pump 
delivered  was  $250.  Mr.  Fisher  estimates  that  even  in  a  dry  season 
he  would  have  no  difficulty  in  irrigating  200  acres  with  his  present 
equipment.  Two  dollars  worth  of  coal  was  burned  i^r"  day,  coal 
costing  50  cents  per  ton  at  a  neighboring  bank. 

Mr.  A.  F.  Riley,  on  Heart  River,  near  Gladstone,  last  year  irri- 
irated  20  acres  bv  means  of  a  dam  thrown  across  a  draw.  Next  vear 
he  proposes  to  irrigate  60  acres  by  means  of  a  centrifugal  pump. 
Lignite  occurs  on  his  farm,  outcropping  in  a  4-foot  seam,  and  can  be 
had  for  the  mere  labor  of  mining. 

RECOMMENDATIONS. 

Opportunities  to  reclaim  arid  lands  appear  to  exist  in  the  larger 
flats  on  Missouri  River.     Much  of  the  land  in  these  flats  is,  however, 
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already  in  private  ownership,  that  lying  within  the  Fort  Berthold 
Reservation  forming  the  only  exception. 

In  choosing  among  the  Missouri  River  flats  for  one  where  reclama- 
tion by  pumping  may  be  tried  under  most  favorable  conditions,  a 
number  of  factors  must  be  kept  in  mind.  Nearness  to  a  railroad  and 
a  market  are  as  essential  as  an  abundance  of  cheap  fuel  and  good  land. 
An  active  interest  on  the  part  of  the  resident  owners  is  necessary 
where  the  land  is  already  in  part  or  wholly  private  property. 

With  these  conditions  in  mind,  the  Buford-Trenton  flats  and  the 
Nesson-Hofllund  tract  deserve  first  consideration.  The  former  lie 
directly  on  the  railroad,  but  lignite  is  not  abundant  near  by  and  will 
cost  about  $2  per  ton,  whether  mined  in  the  vicinity  or  hauled  from 
Williston.  The  Ne^sson-Hofflund  flats  are  14  miles  from  a  railroad 
and  are  wholly  in  private  ownership,  but,  on  the  other  hand,  lignite 
is  very  abundant  near  them  and  should  be  laid  down  at  the  pumpinc 
plant  for  $1  per  ton;  it  may  even  be  possible  to  locate  a  pumping 
plant  within  a  few  hundred  yards  of  an  extensive  outcrop.  From 
an  engineering  point  of  view,  the  Buford-Trenton  tract  appears  so 
offer  simpler  conditions. 
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GEOLOGY  AND  WATER  RESOURCES  OF  A  PORTION 

OF  EAST-CENTRAL  WASHINGTON. 


By  Frank  C.  Calkins. 


INTKODUC^TION. 


During  the  fall  of  1002  the  writer,  acting  under  instructions  from 
!\Ir.  F.  H.  Newell,  chief  engineer,  United  States  Geological  Survey, 
iTiade  an  examination  of  the  water  resom-ces  of  a  portion  of  east- 
'•entral  Washington.  The  location  and  extent  of  the  district  investi- 
gated are  shown  on  the  index  map,  fig.  1. 


I-'i«i.  1. — Index  map,  nhowlag  location  and  extent  of  district  investigated. 

The  objects  of  the  investigation  were  determined  by  the  natural 
conditions  of  the  region.  The  climate  of  central  Washington  is  arid, 
and  a  large  portion  of  the  district  here  especially  considered  is  almost 
without  surface  streams  available  for  the  uses  of  mankind.  Surface 
wells  capable  of  supplying  perennially  even  the  modest  requirements 
of  domestic  use  can  be  sunk  only  in  places  where  conditions  are 
locally  favorable.     Springs  once  formed  the  (mly  source  of  water  for 
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a  large  area,  but  they  are  so  widelj^  scattered  and  often  so  clifB<Mjlt 
of  access  that  great  labor  is  sometimes  involved  in  hauling  a  supply 
from  them.  Deep  wells,  now  fairly  numerous  and  rapidly  increasing 
in  numl)er,  are  coming  to  be  considered  the  most  satisfactory  source- 
of  water.  To  determine  to  what  extent  the  supply  from  the?^  wc*U< 
may  be  increased,  and  to  find  whether  there  is  hope  of  obtainin<r 
artesian  flows  in  any  portion  of  the  region,  were  the  prime  object> 
of  the  writer's  expedition. 

Geologic  reconnaissance  was  carried  on  at  the  same  time,  as  a 
knowledge  of  the  character  of  the  rocks  and  of  their  geologic  struc- 
ture is  newssary  to  an  intelligent  opinion  in  regard  to  the  j>ossibility 
of  obtaining  underground  water.     A  sketch  of  the  geology  of  the 
region  will,  therefore,  be  incorporated  in  this  report.     It  is  limited 
on  the  one  hand  by  the  economic  purposes  which  it  is  meant  to  serve 
and  by  the  fact  that  it  is  intended  primarily  for  nonscientific  readen?, 
and  on  the  other  by  the  hasty  character  of  the  work  and  the  lack 
of   a   good   topographic   base,  which   made   impossible   a   complete 
geologic  survey  of  the  region.     The  routes  indicated  on  PL  I  show 
the  ground  covered  and  will  enable  the  reader  to  judge  to  what 
extent  the  opinions  expre.ssed  are  based  on  actual  observation. 

Field  work  was  carried  on  during  the  four  weeks  beginning  Octo- 
l>er  6,  1902.  The  equipment  consisted  of  a  spring  wagon  and  team, 
a  saddle  horse,  used  in  occasional  excursions  from  the  main  routes, 
and  a  light  camp  outfit.  Mr.  D.  F.  McDonald,  a  student  at  the 
University  of  Washington,was  engaged  as  teamster,  and  his  intelligent 
interest  in  the  work  enabled  him  to  assist  materially  in  the  collection 
of  data. 

Mention  should  l>e  made  here  of  geologic  and  hydrographic  work 
previously  done  in  this  region  and  in  neighboring  areas  where  condi- 
tions are  similar.  Among  the  earliest  scientific  explorations  in  the 
region  whose  results  have  been  published  were  those  of  Thomas  W. 
Symons,  who,  in  the  fall  of  1881,  explored  the  Columbia  from  Grand 
Rapids  to  the  mouth  of  Snake  River.  His  report  *  includes  a  d^crip- 
tion  of  the  Great  Plains  of  the  Columbia  and  a  sketch  of  the  geologic 
history  of  the  region.  The  most  extensive  and  important  work  in 
the  Columbia  Plains  has  been  done  by  Prof.  Israel  C.  Russell,  the 
results  of  whose  investigations  in  central  Washington,*  southeastern 
Washington,^  and  northwestern  Idaho  <*  have  appeared  in  publica- 
tions of  the  United  States  Geological  Survey. 

*  Report  of  an  examination  of  the  upper  Columbia  River  :  Forty-seventh  Cong.,  Ist  sew., 
3.  Doc.  No.  186,  1882. 

*  Russell,  I.  C,  (ieo\oglc  reconnaissance  In  central  Washington :  Bull.  U.  S.  Geol.  Sur- 
vey No.  108,  189.3. 

<^  Russell,    1.    C,    Reconnaissance    In    southeastern    Washington :  Water-Sup.    and   Irr. 
Paper  No.  4,  U.  S.  Geol.  Survey.  1897. 

*  Russell,  I.  C,  Geology  and  water  resources  of  Nez  Perces  County,  Idaho :  Water-Sup. 
and  Irr.  Papers  Nos.  53  and  54,  U.  S.  Geol.  Survey,  1901. 
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Professor  Kussell's  first  work  in  the  region  was  a  reconnaissance  in 
1893,  which  embraced  a  large  area  in  central  Washington,  including 
tlie  greater  part  of  the  district  considered  in  the  present  report.  The 
oonclusions  in  regard  to  certain  geologic  problems  reached  by  the 
'writer  after  a  more  thorough  examination  of  the  ground  differ  in 
;-ioine  particulates  from  those  of  Professor  Russell,  but  they  can  not 
olaini  the  authority  of  final  solutions,  which  must  depend  on  more 
detailed  studies.  It  is  a  pleasure,  however,  to  acknowledge  indebted- 
?iess  to  Professor  Russell  for  many  helpful  suggestions  contained  in 
Ills  reports. 

The  water  resources  of  a  portion  of  Yakima  County  were  studied 
in  1900  by  Mr.  George  Otis  Smith."  His  report  is  of  especial  interest 
because  it  describes  the  most  successful  artesian  basin  in  the  State  and 
because  his  data  were  based  largely  on  detailed  areal  work  in  the 
Kllensburg  quadrangle.  The  EUensburg  folio,^  which  has  recently 
been  published,  affords  a  detailed  description  of  a  region  where  the 
geologic  conditions  are  similar  to  those  of  a  part  of  the  area  described 
in  the  following  pages. 

The  writer's  acknowledgments  are  due  to  Mr.  F.  H.  Newell  and  to 
]VIr.  George  Otis  Smith  for  suggestions  and  criticisms  in  regard  to  the 
preparation  of  this  report.  For  assistance  in  the  collection  of  well 
data  he  is  indebted  to  a  great  number  of  drillers,  ranchers,  and  others, 
to  mention  all  of  whom  by  name  would  require  too  much  space,  but  to 
whom  he  expresses  thanks  collectively.  He  would,  however,  express 
especial  obligations  to  Mr.  Ralph  Kauffman,  of  EUensburg,  who  fur- 
nished a  large  part  of  the  information  concerning  the  water  resources 
of  Kittitas  Valley. 

GEOGRAPHY. 

TOPOGRAPHY. 

MAIN   TOPOGRAPHIC   DIVISIONS  OF  EASTERN   WASHINGTON. 

The  most  important  topographic  feature  of  Washington  is  the 
Cascade  Range.  This  noble  chain  of  mountains,  beginning  in  north- 
ern California,  extends  north  through  Oregon  and  Washington,  but 
in  the  neighborhood  of  the  forty-ninth  parallel  it  loses  its  mountain- 
ous elevation  and  ruggedness  and  merges  into  a  deeply  dissected  but 
distinctly  lower  plateau.  The  average  elevation  of  the  Cascade  sum- 
mits is  between  6,000  and  7,000  feet,  and  though  comparatively  few 
peaks  rise  above  the  latter  height,  a  large  number  are  more  than  6,000 
feet  high.  A  few  great  extinct  volcanoes,  such  as  the  well-known 
cones  of  Rainier,  Adams,  and  St.  Helens,  covered  with  eternal  snows, 
tower  to  double  the  height  of  the  rest. 


1  Smithy  G.  O.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash. : 
Wa(er-Sup.  and  Irr.  Paper  No.  55.  V.  S.  Oeol.  Survey,  1901. 

*  BUenaburg  quadrangle :  Geologic  Atlas  U.  S.,  folio  86,  U.  S.  Geoi.  Survey,  1903. 
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The  region  east  of  the  Cascade  Mountains^  in  which  the  area  ctai- 
sidered  in  this  report  is  embraced,  lies  for  the  most  part  in  that 
broad  topographic  province  known  as  the  Great  Plains  of  the  Colum- 
bia. This  province  may  be  roughly  defined  as  follows:  On  the  mmuK 
and  southeast  its  boundary  is  somewhat  irregularly  marked  by  lU- 
Blue  Mountains  of  Oregon  and  Idaho,  on  the  east  b}'  the  BitternMt 
and  Cceur  d'Alene  ranges,  on  the  north  by  a  mountainous  though 
not  extremely  rugged  region  comprising  the  Okanogan  highlands  am* 
the  Colville  Mountains,  and  on  the  west  bv  the  Cascade  Mountain-, 
which  merge  into  these  highlands. 

The  extensive  area  thus  outlined  is  by  no  means  a  plain  in  the  strirt 
sense  of  the  word;  between  its  lowest  and  highest  jxiints  there  is  a 
difference  in  altitude  of  4,000  feet.  It  includes  great  plateau-liki^ 
areas  in  its  eastern  and  northern  portions  and  broad  stretches  of  low- 
lying  sandy  waste  along  the  Columbia  in  southern  Washington  and 
northern  Oregon.  The  level  expanses  are  broken,  moreover,  by  hill< 
and  ridges,  usually  of  rather  gently  rounded  profile,  and  the  higii 
plateau-like  portions  are  trenched  by  streams  that  have  formed  mag- 
nificent steep-walled  canyons.  But  to  the  traveler  upon  the  broad 
stretches  between  the  streams  the  canvons  are  not  visible  until  he 
reaches  the  brink,  and  the  hills  and  ridges,  not  rising  in  general  to 
great  heights,  are  of  little  importance  in  comparison  with  the  vast 
intermediate  areas,  level  or  but  gently  sloping.  Thus  the  inequalities 
of  the  surface,  while  relieving  the  monotony  of  the  landscape,  do  not 
determine  its  character,  nor  make  its  designation  as  a  great  plain 
seem  inappropriate  to  one  familiar  with  the  region. 

As  the  western  l)order  of  the  Columbia  Plains  crosses  the  area  with 
which  this  report  is  especially  concerned  it  will  be  necessary  to  make 
some  further  statement  in  regard  to  ils  character  and  its  relatioiih 
to  tlie  Cascade  Mountains. 

The  lK)undarv  between  the  Cascade  Moiuitains  and  the  plains  varie< 
in  sharpness  of  definition.  North  of  Wenatchee  the  division  is  very 
accurately  marked  by  Columbia  River.  West  of  the  j)rofound  canyon 
of  this  river  the  country  is  rugged  and  thoroughly  dissected  by 
streams  that  are  generally  separated  by  sharp,  or  at  least  narnnv. 
divides.  On  the  east  the  rim  of  the  canyon  is  tlie  edge  of  a  j)lateaii 
standing  about  2,000  feet  above  the  river,  and  although  Badger 
Mountain  rises  rather  prominently  above  its  general  level,  and  it> 
border  is  notched  by  canyons  tributary  to  the  Columbia,  it  has  the 
general  topographic  character  of  the  Columbia  Plains. 

South  from  Wenatchee  to  Sentinel  Bluffs  the  plains  are  overlooked 
on  the  west  bv  Table  Mountain,  which  rises  with  a  somewhat  gentle 
slope  from  the  brink  of  the  river  gorge  to  a  broad  summit  over  5,000 
feet  above  the  level  of  the  sea.  South  of  Table  Mountain,  however, 
the  boundary  between  the  mountains  and  the  plains  becomes  le&s 
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ilefinite,  and  there  intervenes  a  region  intermediate,  not  only  in  posi- 
tion but  in  topographic  character,  between  the  two  great  provinces  in 
t  heir  typical  aspects. 

This  border  region  is  characterized  by  the  presence  of  many  well- 
tlefined  ridge.s,  whose  trend  varies  from  east- west  to  northwest- 
southwest,  and  whose  even  crests  rise  gently  toward  the  west  and 
merge  w^ith  the  Cascade  Mountains  proper,  while  to  the  east  they 
<2:radually  sink  and  are  lost  on  the  surface  of  the  plains.  Betw^een 
these  foothill  ridges  there  are  broad  valleys  which,  by  the  aid  of 
irrigation,  have  become  the  richest  farming  lands  of  eastern  Wash- 
ington; the  aggregate  area  of  these  valleys,  however,  is  barely  equal 
lo  that  of  the  distinctly  hilly  lands.  To  a  traveler  in  the  valleys  the 
landscape  presents  an  asj^ect  ve?y  similar  to  that  of  the  Columbia 
Plains,  the  resemblance  being  heightened  by  the  fact  that  the  char- 
acter of  the  natural  vegetation  is  similar  in  the  two  regions.  The 
hills  in  the  landscape,  however,  give  it  a  certain  degree  of  contrast 
with  the  more  monotonous  scenery  of  the  plains.  This  borderland 
between  the  plains  and  the  mountains,  therefore,  while  not  very  dis- 
tinctly marked  off  from  eitlier,  is  sufficiently  well  characterized  to 
deserve  recognition  as  a  topographic  province.  It  might  appro- 
priately be  called  the  foothill  region. 

TOPOGRAPICIC   DETAILS. 
KITTITAS   VALLEY. 

The  region  considered  in  this  report  includes  a  portion  of  the 
foothill  region,  but  lies  mainly  in  the  Columbia  Plains. 

Kittitas  Valley  (see  PI.  II),  which  forms  the  westermnost  portion 
of  the  area,  is  the  northernmost  of  the  large  foothill  valleys.  The 
broad  floor  of  this  basin-like  depression  contains  an  immense  area 
of  fertile  farm  land.  Its  configuration  is  favorable  to  irrigation 
from  Yakima  River  and  from  its  numerous  small  tributaries  that  flow 
from  the  mountains  west  and  north,  for  there  is  everywhere  a  gentle 
slope  toward  the  principal  stream.  Yakima  River,  however,  does 
not  flow  through  the  valley  from  end  to  end,  but  only  trav-erses  its 
w^estern  portion  diagonally  and  makes  an  abrupt  exit  through  a 
profound  gorge.  The  southeastern  continuation  of  the  basin  is  with- 
out perennial  streams,  and  since  it  has  a  somewhat  steeper  gradient 
than  the  western  portion,  a  large  part  of  it  can  not  be  irrigated  from 
the  highest  ditch  now  taking  water  from  the  river. 

The  flat  lands  of  Kittitas  Valley  are  separated  by  a  considerable 
stretch  of  hills  from  the  Columbia  Plains. 

THE   DESERT. 

That  portion  of  the  plains  lying  just  east  of  the  Columbia  has  a 
desolate,  almost  desert-like  aspect,  and  will  for  the  sake  of  brevity 
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1)0  referred  to  as  "  the  desert."  The  greater  portion  of  it  is  ne^rij 
level,  but  its  monotony  is  relieved  by  two  east-west  ridges,  the  intr^t 
prominent  of  which  is  known  as  Saddle  Mountain.  This  straiglit 
and  simple  ridge  extends  to  a  point  about  40  miles  east  of  the  riv*  r, 
where  it  sinks  gradually  to  the  level  of  the  plain.  It  is,  in  fact,  a: 
offshoot  from  the  larger  Table  Mountain  uplift,  from  which  it  hd- 
been  cut  away  by  the  Columbia.  The  basalt  cliffs  known  as  Sentiii^-1 
Bluffs,  forming  the  portals  of  the  gate  which  the  river  has  ma<l' 
through  the  ridge,  are  among  the  grandest  scenic  features  of  th^ 
region.  Saddle  Mountain  has  a  fairly  gentle  southern  slope^  but  it- 
northern  face  is  strikingly  abrupt,  being  for  some  miles  east  of  th»* 
river  a  precipitous  cliff  more  than  a  thousand  feet  high.  Farther  ti- 
the east  this  cliff  gives  way  to  a  rather  steep  slope. 

The  surface  of  the  desert  is  covered  with  a  dry  sandy  soil,  whirl, 
is  constantly  shifted  by  the  winds,  although  its  motion  is  somewhn: 
retarded  by  a  scanty  growth  of  shrubs  and  grass.  The  character  of 
the  soil  and  climate  and  the  absence  of  surface  w^ater  are  conditi<»ri-- 
that  have  prevented  attempts  at  cultivation,  except  along  Columbia 
River  and  Crab  Creek,  though  the  northern  lK)rder  of  the  district  i> 
dotted  with  the  cabins  of  a  few  honiesteaders.  The  greater  portion 
of  the  desert  is  given  over  to  grazing  and  is  without  hmnan  habit;i- 
tion. 

THE    WHEAT   IJ!INDS. 

Embracing  the  desiM't-like  ai'ea  on  the  north  and  east  is  the  ni<»D' 
elevated  portion  of  the  Great  Plains  of  the  Columbia,  which  exten<l 
northward  into  the  so-called  Big  Bend  of  the  Columbia  and  eastwanl 
into  Idaho.  The  topographic  character  of  the  part  south  of  upjxT 
Crab  Creek  is  that  of  a  plateau  dissected  by  canyons.  North  of 
Crab  Creek  there  is  a  ridge,  whose  cross  profile  is  that  of  a  broa<l, 
flat  arch  forming  the  south  side  of  a  valley  with  gently  sloping  sides. 
The  two  last-mentioned  features  are  terminated  to  the  west  bv  the 
Grand  Coulee,  beyond  which  rises  an  elevation,  plateau-like  in  charac- 
ter, but  considerably  ravined  and  with  no  very  broad  level  areas. 

These  plateau-like  portions  of  the  Columbia  Plains  are  fitted  bv 
natural  conditions  to  wheat  growing,  and  have  a  considerable  ami 
an  increasing  farming  population.  They  wnll  be  referred  to  gener- 
ally in  the  following  pages  as  the  "  wheat  lands." 

DRAINAGE. 

Columbia  River, — ^The  master  stream  of  the  region  is  the  Coliuii- 
bia.  Despite  its  great  volume,  this  river  contributes  little  to  the  eco- 
nomic resources  of  east-central  Washington.  It  has  several  rapid> 
in  its  courst*  through  the  region,  among  them  being  Priest  Ra])itl>. 
which  can  not  be  ascended  by  steamers  except  with  great  danger  aiiJ 
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difficulty.  These  rapids  extend  for  about  7  miles  and  consist  of  7 
*"*  ripples ;"  at  the  foot  of  the  last  one  the  river  is  deflected  by  a 
I'idge  having  a  bold  cliff  for  its  northern  face,  along  which  it  flows 
for  si»veral  miles.  The  fatal  obstacle  to  the  use  of  the  Columbia  waters 
for  irrigation  lies  in  the  fact  that  the  stream  flows  in  a  canyon  with 
fairly  abrupt  walls,  sunk  from  300  to  1,000  feet  below  the  broad,  flat 
stretches  to  the  east,  and  that  its  gradient,  though  fairly  high  consid- 
ering the  volume  of  its  flow,  is  much  lower  than  that  of  the  rivers  in 
the  foothill  region,  so  extensively  used  for  irrigation. 

Crab  Creek. — The  large  area  of  the  Columbia  Plains  embraced  in 
the  great  sweep  of  the  river,  bounded  on  the  north  and  west  by  the 
Columbia,  on  the  south  bv  Snake  River,  and  on  the  east  bv  the  one 
hundred  and  eighteenth  meridian,  has  only  very  insignificant  surface 
streams,  the  only  one  that  maintains  a  perennial  flow  along  the 
greater  ix)rtion  of  its  channel  being  Crab  Creek,  which  rises  in  the 
vicinity  of  Davenport,  Wash.,  at  an  elevation  of  about  2,500  feet. 
Its  total  length,  neglecting  minor  curves  and  including  the  lakes  in 
its  course  and  the  stretches  where  it  flows  beneath  the  alluvium  in 
the  bottom  of  it*5  canyon,  is  about  250  miles,  about  the  same  as  that 
of  Yakima  River.  Its  course  through  this  region  is  readily  divisible 
into  three  parts.  The  first  and  longest  of  these,  in  which  the  general 
direction  of  the  stream  is  nearly  from  east  to  west,  may  be  designated 
upper  Crab  Creek.  The  surface  flow  is  pereiuiial  along  the  gi'eater 
part  of  this  stretch,  though  at  the  time  of  the  writer's  visit  the 
channel  wai^  dry  from  an  unkno\V'n  distance  above  Odessa  to  a  point 
about  3  miles  below,  where  the  stream  emerges  from  the  gravels  in 
considerable  volume.  It  sinks  again  below  Wilson  Creek,  to  rise 
near  the  head  of  Moses  Lake,  which  probably  owes  its  existence 
to  the  formation  of  a  range  of  sand  dunes  across  the  ancient  channel 
of  the  creek.  The  dam  thus  formed,  however,  is  a  leaky  one,  and 
the  waters  seep  through,  to  gather  below,  forming  a  stream  perhaps 
slightly  diminished  from  its  former  volume  by  evaporation  in  the 
lake.  This  southward-flowing  portion  of  the  stream  may  be  desig- 
nated middle  Crab  Creek.  About  15  miles  below  the  lake  the  stream 
again  takes  a  westerly  direction,  flowing  in  a  broad-bottomed,  steep- 
walled  canyon.  At  some  point  near  the  middle  of  this  lower  course 
Crab  Creek  sinks  finally,  and  delivers  no  surface  water  to  the  Colum- 
bia at  the  mouth  of  its  canyon.  This  west-flowing  section  of  the 
sti'eam  may  be  designated  lower  Crab  Creek. 

Coulees. — Crab  Creek  has  only  a  few  branches  that  contribute  to 
its  surface  flow  throughout  the  year  and  a  few  more  that  flow  during 
the  rainy  season,  but  it  has  a  great  number  of  tributary  canyons  which 
are  perfectly  dry  except  at  j^eriods  of  unusually  heavy  rainfall.  Many 
of  these  are  scores  of  miles  in  length  and  of  corresponding  width  and 


18  OKOL<KiY,   ETC,   OF    EAST-CENTRAL    WASHINGTON.       [so.  lis. 

depth.  These  canyons,  dry  or  containing  only  small  streams  dispro- 
portionate to  their  size,  are  known  as  coulees.  They  have  all  the  topo- 
graphic characters  of  stream -carved  valleys,  but  it  is  evident  that  they 
could  not  have  been  formed  by  stream  erosion  under  present  condi- 
tions. Their  origin  must  be  referred  to  a  prehistoric  period  in  which 
ihe  region  had  an  abundant  rainfall  and  was  well  watered  by  surface 
stix5ams.  These  branching  systems  of  dry  canyons  represent  ancient 
river  systems. 

The  most  important  of  the  branches  of  the  ancient  Crab  Cret^k 
system,  except  Grand  Coulee,  whose  peculiar  history  separates -it  from 
the  others,  is  Lind  Coulee,  in  which  the  Northern  Pacific  Railway 
runs  from  Providence  to  Ritzville. 

Providence  Coulee,  in  which  Hatton,  Scott,  and  Connell  are  situ- 
ated, is  now  devoid  of  flowing  water,  though  it  once  formed  the  trunk 
of  a  river  svstem  almost  as  considerable  as  that  for  which  Crab 
Creek  is  the  master  stream. 

Of  all  the  abandoned  canvons  of  the  Columbia  Plains,  however,  the 
greatest  and  most  remarkable  is  Grand  Coulee.  Not  only  does  it 
possess  many  features  of  scenic  grandeur,  but  its  geologic  history  is  of 
the  highest  interest.  This  great  chasm  was  carved  by  Columbia 
River  at  a  time  when  its  profound  gorge  was  dammed  by  a  great  ice 
lobe  that  came  down  the  valley  of  the  Okanogan  and  pushed  soutli- 
ward  some  30  miles  across  the  plateau  south  of  the  master  stream. 
The  waters  of  the  Columbia,  deflected  by  the  great  glacier,  flowed 
along  its  eastern  face,  and,  continuing  southward  in  what  is  now  the 
l>ed  of  Crab  Creek,  regained  their  proper  channel  just  above  Sentinel 
Bluffs. 

Opening  from  the  canyon  of  the  Columbia  near  the  northwest  cor- 
ner of  Lincoln  County,  the  Grand  Coulee  extends  in  a  southwesterly 
direction  for  over  30  miles.  Throughout  the  greater  portion  of  tliis 
distance  it  is  a  wide,  flat-bottomed  canyon,  walled  by  cliffs,  but  a 
little  south  of  its  middle  point  its  western  wall  subsides  and  it  is 
joined  by  a  broad  valley  with  gently  sloping  sides.  Opposite  the 
mouth  of  this  valley  a  plateau  rises  nearly  a  thousand  feet  above  the 
bottom  of  the  coulee,  but  the  ascent  to  this  upland  is  made  on  a  mod- 
erate slope  unbroken  by  cliffs.  This  break  iii  the  walls  of  the  chasm. 
constituting  the  only  point  where  the  Grand  Coulee  proper  can  be 
crossed  by  a  wagon,  has  determined  the  location  of  the  small  town 
known  as  Coulee  City.  Above  this  middle  pass  the  coulee  bottom, 
partly  covered  by  alkaline  lakes  and  playas,  is  about  1^  miles  wide, 
with  basalt  cliffs  which  rise  on  either  side  to  a  height  of  about  400  feet. 
Two  miles  below  the  town  the  bottom  of  the  canyon  abruptly  drops, 
and  two  amphitheaters,  separated  by  a  narrow  point  and  walled  by 
vertical  cliffs  400  feet  in  height,  mark  the  place  where  the  Columbia 
once  poured  in  a  mighty  cataract. 
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The  gor«^e  extends  southward  15  miles  farther.  The  eastern  wall 
c>"f  this  lower  section  does  not  rise  mnch  higher  than  the  level  of  Cou- 
lee City,  but  its  western  side  maintains  a  commanding  elevation  and 
forms  a  frowning  escarpment  visible  for  many  leagues  to  the  south 
:iiid  east.  The  coulee  finally  opens  out  in  the  northeastern  portion  of 
the  desert  upon  a  gravel  plain,  the  surface  being  higher  than  that  of 
S^oap  Lake,  the  southernmost  of  the  chain  that  lies  in  the  deep  chasm. 
I  beneath  the  mantle  of  surface  material,  however,  the  rocky  channel 
probably  i^ersists,  and  is  continued  in  the  depression  occupied  by 
Aloses  Lake  and  Crab  Creek. 

Lakes. — Lakes,  generally  shallow  and  of  small  extent,  are  very 
numerous  in  the  northern  portion  of  the  region.  They  are  invariably 
situated  in  coulees,  their  basins  having  been  formed  by  the  erosion  of 
former  streams  or  dammed  by  wind-blown  materials.  They  are, 
therefore,  usually  elongated  in  form  and  separated  by  stretches  of 
dry  or  meadowy  land ;  often  they  are  disposed  in  chains.  The  most 
important  series  in  this  region  is  that  which  lies  in  the  bottom  of  the 
Grand  Coulee.  In  this  chain  we  may  include  Moses  Lake,  the  largest 
t^heet  of  water  in  the  Columbia  Plains. 

The  majority  of  the  lakes  in  this  arid  region  have  no  outlets,  while 
others  overflow  only  in  the  rainy  season.  As  a  consequence,  the  small 
announts  of  salts  contained  in  all  surface  waters  are  concentrated  in 
the  lake  basins  by  evaporation,  and  a  majority  of  tjie  lakes  are  more 
or  less  alkaline,  Moses  Lake  containing  about  0.32  gram  of  total  solids 
per  liter  of  w^ater.** 

The  lakes  in  the  lower  section  of  the  Grand  Coulee  are  successively 
higher  from  south  to  north,  and  the  northern  lakes  occasionally  over- 
flow to  the  south  at  seasons  of  high  water.  It  follows  that,  while  the 
water  of  the  northernmost  of  these  lakes  is  comparatively  fresh  and 
palatable,  the  waters  of  the  others  become  successively  more  alkaline 
to  the  south.  Soap  Lake,  the  most  southerly,  is  extremely  alkaline; 
its  waters  when  they  lap  against  the  shores  on  windy  days  are  beaten 
into  great  masses  of  white  foam  like  soap  suds.  The  alkalinity  of 
the  lake  is  further  show^n  by  the  soapy  feeling  observed  on  rubbing 
the  hands  in  its  water  and  by  its  bitter  taste,  so  strong  and  disagree- 
able that  it  is  refused  by  a  thirsty  horse  accustomed  to  more  pala- 
table water.  The  cattle  of  the  neighborhood,  however,  constrained 
by  necessity,  have  overcome  this  natural  repugnance  and  the  lake  is 
a  drinking  place  for  a  large  number  of  them. 

Soap  Lake  contains  28  parts  in  1,000  of  matter  in  solution,  consist- 
ing essentially  of  carbonates,  sulphates,  chlorides,  and  bicarbonate 
of  soda.* 


•  Ann.  Rept.  Geol.  Survey  of  Washington,  yol.  !•  1001,  p.  294.  »  Ibid.,  p.  295. 
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Sulphur  Lake,  in  Washtucna  Coulee,  is  another  pond  in  which  the 
water  is  an  extremely  concentrated  alkaline  solution. 

In  this  connection  should  be  mentioned  the  numerous  "  alkali  flats" 
or  playas,  which  are  ponds  during  a  portion  of  the  year,  but  become 
dry  every  summer,  and  which  have  their  supply  of  salts  annually 
increased  by  the  amount  held  in  solution  by  the  waters  that  flow  into 
them  during  the  rainy  season. 

A  typical  coulee,  containing  small  lakes,  is  shown  on  PL  III,  ^-1. 

CLIMATE. 

The  most  characteristic  climatic  featui*es  of  eastern  Washington  an* 
due  to  the  fact  that  the  region  is  separated  from  the  ocean  by  a  broad 
belt  of  fairly  high  mountains.  The  great  influence  of  the  Cascade 
Range  is  rendered  manifest  by  the  sharp  contrast  that  obtains  between 
the  climates  of  eastern  and  western  Washington.  The  region  on  the 
seaward  side  of  these  mountains  has  a  climate  that  is  remarkably  mild, 
considering  the  rather  high  northern  latitude,  and  that  is  without 
extremes  of  heat  or  cold.  The  most  characteristic  feature,  however, 
is  its  extreme  humidity.  The  eastern  part  of  the  State,  on  the  con- 
trary, being  removed  from  the  tempering  influence  of  the  ocean  and 
the  warm  Japan  Current,  which  flowsalong  the  north  Pacific  coast, 
has  the  wide  range  of  temperature  that  is  characteristic  of  the  climate 
of  interior  regions.  The  winds  of  the  Pacific,  which  supply  the 
abundant  rainfall  of  the  Sound  country,  can  not  cross  the  broad  Cas- 
cade Range  without  losing  the  greater  portion  of  their  moisture  by 
condensation  in  the  form  of  rain  or  snow,  and  the  climate  of  eastern 
Washington  is  therefore  as  decidedly  arid  as  that  of  western  Wash- 
ington is  humid. 

The  average  yearly  rainfall  in  Kittitas  Valley,  as  deduced  from 
Weather  Bureau  statistics  covering  many  years,  is  approximately  8 
inches.  For  other  localities  in  the  area  with  which  we  are  direotlv 
concerned  there  are  only  the  most  fragmentary  records.  At  Lind,  in 
the  wheat  lands,  the  observations  for  1898  and  1890  show  a  total  for 
each  year  of  al)out  12  inches.  Incomplete  records  at  Ritzville  during 
the  same  years  apparently  indicate  an  annual  average  about  equal  to 
or  slightly  less  than  that  of  Ellensburg.  At  Coulee  City  the  scanty 
data  indicate  an  annual  rainfall  not  far  different  from  that  of  Ritz- 
ville. At  Council,  in  the  southeast  quarter  of  the  area  considered,  the 
precipitation  in  1900  was  2.29  inches  for  all  of  the  year  except  April 
and  November;  in  1899,  2.24  for  all  except  January,  February,  and 
March.  These  figures  indicate  that  the  mean  precipitation  at  that 
locality  is  extremely  low,  probably  not  above  5  inches  per  annum. 
Although  figures  are  lacking  for  what  has  been  termed  the  desert, 
its  general  aspect  indicates  that  its  annual  rainfall  probably  does  not 
average  more  than  that  of  the  vicinity  of  Connell. 
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The  seasonal  distribution  of  the  precipitation  is  very  character- 
istic; as  in  all  the  far  West,  there  is  a  wet  season  and  a  dry  season. 
T3y  far  the  gi'eater  portion  of  the  annual  supply  of  rain  and  snow 
:falls  between  October  1  and  May  31.  The  precipitation  is  for  the 
most  part  in  the  form  of  gentle  rain,  which  is  generally  almost  en- 
tirely absorlxnl  without  considerable  loss  by  run-off.  ITie  amount 
of  snowfall  in  winter  is  often  fairly  large,  however,  and  the  drifts 
are  often  sufficiently  deep  on  the  hills  to  obstruct  travel  from  Kittitas 
Valley  to  the  Columbia. 

The  mean  annual  temperature  at  EUensburg  is  approximately 
48°.  For  localities  in  that  portion  of  the  area  considered  which  lies 
in  the  Columbia  Plains  very  scanty  records  are  available.  In  1899, 
when  the  annual  average  for  EUensburg  was  46.5°,  that  for  Lind 
was  50.2°.  It  may  be  safely  asserted  that  the  average  temperature 
for  the  eastern  part  of  the  area  is  slightly  above  that  for  Kittitas 
Valley,  and  probably  not  far  from  50°.  The  range  of  temperature, 
as  mentioned  before,  is  high,  the  greatest  variation  noted  being  in 
the  Weather  Bureau  record  for  Lind  during  1899,  when  the  maxi- 
nium  w^as  112°  and  the  minimum  — 33°.  The  temperature  at  EUens- 
burg, however,  generally  keeps  within  the  limits  -|-96°  and  — 15°, 
while  in  the  lower  portions  of  the  Columbia  Plains  both  limits  are 
somewhat  higher.  The  figures  giving  the  dates  between  the  last 
killing  frost  in  spring  and  the  first  in  autumn  arc  of  considerable 
interest  to  students  of  agiicultural  conditions.  The  last  spring  frost 
usually  occurs  in  the  latter  part  of  May,  but  has  been  known  to  be 
deferred  until  early  in  June.  The  first  severe  frost  of  autumn 
usually  falls  near  October  1,  but  occurred  at  EUensburg  on  Septem- 
ber 9  in  the  unusually  severe  year  of  1895.  The  lateness  of  spring 
frosts  is  inimical  to  the  culture  of  such  fruits  as  peaches,  cherries, 
and  apricots. 

VEGETATION. 

The  natural  vegetation  of  central  Washington  is  chiefly  influenced 
in  its  broad  A'^ariations  by  climatic  conditions.  The  only  great 
forested  area  in  the  region  here  considered  is  on  Table  Mountain, 
whose  height  gives  it  a  much  moister  and  cooler  climate  than  that  of 
most  of  the  region.  The  Columbia  Plains  and  the  comparatively 
low  foothills  are  almost  treeless,  though  Yakima  River  and  certain 
small  streams  are  bordered  with  a  more  or  less  considerable  growth 
of  trees  and  shrubbery.  The  treeless  regions  are  clothed  with  a 
scanty  vegetation  composed  of  hardy  grasses  and  shrubs,  whose  gen- 
eral aspect  would  be  familiar  to  anyone  acquainted  with  the  arid 
regions  of  the  West.  In  addition  to  the  important  influences  of 
(climate  and  water  supply,  soil  conditions  cause  more  local  and  less 
conspicuous  variations  in  the  flora. 
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Tlio  forest  (hat  clothes  the  top  of  Table  Mountain  comprisos  many 
speci(»s  of  fir,  spruce,  pine,  and  tamarack.  In  the  sparse  ^owth  of 
its  lower  sloi>es  the  prevailing  species  is  the  yellow  pine.  The  woody 
srrowth  that  borders  the  Yakima  includes  manv  larffe  trees,  mainlv 
Cottonwood  and  alder,  with  a  sprinkling  of  yellow  pine  and  a  dense 
undergrowth  of  willows  and  other  shrubbery.  East  of  Kittitas  Valley 
there  are  few  plants  worthy  to  be  called  trees.  The  small  streams 
and  springs  are  fringed  with  a  more  or  less  scattered  growth  of  wil- 
low, birch,  and  wild  cherry.  The  Columbia's  banks  are  destitute  of 
trees  except  for  a  few  small  junipers  growing  on  its  flood  plain. 

On  the  Columbia  Plains  and  the  southeastern  foothills,  almost 
dest»rt-like  in  their  aspect,  the  characteristic  species  are  sagebrush 
and  bunch  grass,  occurring  in  variable  proportions.  Sagebrush  i> 
moderately  plentiful  in  all  the  western  part  of  the  region  exclusive 
of  the  forested  areas,  attaining  perhaps  its  greatest  size  and  abun- 
dance in  the  central  portion,  near  the  boundary  between  the  desert 
and  the  wheat  lands.  Eastward  it  diminishes,  growing  rather  sparsc»ly 
about  Council,  Ritzville,  and  the  other  towns  along  the  Northeni 
Pacific  Railroad.  Bunch  grass  was  seen  in  greatest  luxuriance  where 
the  sagebrush  is  least  abundant,  but  as  it  had  there  been  protected  for 
some  years  by  fencing,  it  is  difficult  to  say  where  it  grew  thickest 
before  the  land  was  swept  by  grazing  herds. 

The  local  variations  of  flora,  determined  by  the  character  of  the 
soils,  are  of  considerable  interest.  In  the  sandy  western  portions  of 
the  i)lains,  for  example,  while  the  general  aspect  is  similar  to  that 
of  the  typical  sagebrush  land,  the  shrubs  are  mainly  of  species  other 
than  the  true  sage,  and  the  true  bunch  grass  is  replaced  by  species 
more  adapted  to  survive  in  this  very  dry  soil.  In  the  coulee  bottoms 
other  i)eculiar  conditions  have  an  equally  decided  influence  on  vegi*ta- 
tion.  The  borders  of  the  fresh-water  ponds  support  a  growth  of 
tules.  The  meadow^  lands  are  covered  wnth  wild  grasses,  the  sliori 
stifi'-bladed  salt  grass  being  characteristic  of  the  more  alkaline  soil. 
In  soil  that  is  alkaline  but  dry  rye  grass  and  greasewood,  or  thorny 
sage,  form  the  principal  growth.  The  character  of  the  vegetation 
thus  affords  an  index  of  the  agricultural  properties  of  the  soil. 

GRAZING. 

The  early  settlers  found  eastern  Washington  a  rich  grazing  region. 
The  natural  growth  of  nutritious  bunch  grass  was  so  abundant  that 
winter  feeding  often  could  be  dispensed  with  and  cattle  and  horses 
wintered  on  the  open  range,  though  there  was  doubtless  great  hanl- 
ship  and  frequent  death  from  cold  in  the  more  inclement  winters.  In 
i\w  eastern  portion,  however,  there  was  always  the  great  drawback 
common  to  so  many  of  the  western  ranges,  of  scanty  water  supply. 
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«ih1  (luring  the  hot  months  the  necessity  of  keeping  within  a  moder- 
ate distance  of  water  prevented  the  stock  from  availing  themselves 
of  the  entire  grazing  area. 

Since  the  early  days,  however,  the  ranges  of  east  Washington  have 
•j^reatly  deteriorated.  In  this,  as  in  most  other  western  grazing 
ive:ions,  the  forage  plants  have  been  eaten  down  so  constantly  that 
the  forces  of  growth  have  been  unable  to  compensate  for  the  continual 
loss,  and  the  evils  of  overgrazing  have  conspired  with  the  encroach- 
ment of  other  agricultural  industries  to  cause  a  decline  in  the  extent 
and  profitableness  of  the  stock  business.  In  consequence  of  the  last- 
named  canse  the  areas  devoted  to  open  grazing  have  been  reduced  to 
include  only  the  lands  unfitted  by  their  topography,  the  nature  of 
their  soil,  or  the  insufficiency  of  their  water  for  the  growth  of  hay, 
«:rain,  and  other  crops. 

The  most  important  of  the  areas  still  devoted  to  grazing  are  the 
hills  and  the  desert. 

The  rolling  hills  in  the  southwest  part  of  the  region  and  the  slopes 
of  Table  Mountain  constitute  a  large  and  important  stock  range. 
They  have  few  level  tracts  extensive  enough  for  economical  cultiva- 
tion, and  the  soil  is  generally  thin  and  interrupted  by  patches  of  bar- 
ren rock.  In  a  state  of  nature  the  hills  were  abundantlv  clothed  with 
bunch  grass,  and  still  afford  excellent  pasture  where  excessive  graz- 
ing has  not  occurred.  Springs  and  rivulets,  though  not  abundant, 
are  plentiful  enough  to  render  the  gi-eater  part  of  the  grass  available 
to  the  stock. 

The  second  great  stock  range  is  coextensive  with  what  we  have 
termed  the  desert,  where  the  sandv  character  of  the  soil,  combined 
with  great  aridity  of  climate,  seems  to  forbid  the  hope  of  dry  farm- 
ing, and  where  there  is  no  water  for  irrigation.  Watering  places  are 
here  few  and  far  between.  In  the  northeast  quarter  the  grazing 
animals  resort  principally  to  Moses  Lake;  farther  south,  and  near 
the  eastern  limit  of  the  range,  to  Skuten  Springs;  in  the  central  por- 
tion of  the  desert,  to  lower  and  middle  Crab  Creek;  and  along  the 
south  and  w^est  edges,  for  the  most  part,  to  Columbia  River,  although 
in  the  northwestern  portion,  where  the  stream  is  bordered  by  lofty 
basalt  cliffs,  they  resort  in  part  to  springs.  The  dispersion  of  drink- 
ing places,  as  an  inspection  of  the  map  will  show,  is  so  great  that 
there  are  spots  that  lie  many  miles  from  any  surface  water. 

The  effects  of  excessive  grazing  are  first  felt  in  the  areas  near 
springs  and  streams,  a  fact  strikingly  evident  to  every  traveler  in 
this  desert-like  region.  Along  the  borders  of  the  streams  there  are 
broad  stretches,  often  many  miles  across,  where  the  bimch  grass  has 
been  eaten  down  to  nearly  complete  extermination.     Farther  back 
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from  water  the  grass  is  much  less  closely  cropped,  and  there  are  areas 
that  seem  to  lie  almost  untouched  from  year  to  year. 

There  is  another  way  in  which  the  hard  conditions  of  life  on  the 
range  are  forced  upon  the  attention  of  the  traveler.  He  will  soon 
notice  that  the  plain  is  traversed  by  numberless  straight,  deep-wom 
trails,  and  further  observation  will  show  that  they  are  arranged  in 
systems,  converging  toward  points  on  the  Iwrders  of  a  stream  canyon 
or  of  some  coulee  in  whose  depths  there  is  a  spring  or  lake.  Follow- 
ing a  trail  in  the  direction  of  water,  he  will  find  the  minor  path> 
gathering  together  as  do  the  branches  of  a  river  system,  to  unite 
finally  in  a  broad,  well-beaten  track  that  passes  down  some  gully 
affording  a  graded  route  to  the  drinking  place.  A  thirsty  animal 
at  any  point  in  the  arid  range,  by  merely  falling  into  the  nearest  trail 
and  following  it  to  the  end,  may  generally  make  his  way  to  water  by 
the  shortest  possible  route.  A  frequent  and  impressive  sight  is  that 
of  a  band  of  horses  on  the  way  to  a  drinking  place,  following  a  trail 
in  single  file  and  moving  at  a  swinging  trot  or  easy  lope  in  order  to 
consume  a  minimum  of  time  in  the  necessary  quest  for  the  refreshing 
element.  In  the  dry  season  this  journey  must  be  made  daily,  but  in 
the  other  months,  when  the  demands  of  nature  are  less  and  are  partly 
supplied  by  snow  and  the  rain  absorbed  by  the  drv  grass,  the  stock 
may  abstain  from  drinking  for  several  days  at  a  time. 

Since  the  horse  can  cover  more  ground  and  can  afford  the  time  to 
make  longer  journeys  to  water,  the  excessive  restriction  of  the  range 
has  been  more  prejudicial  to  cattle  than  to  horses,  and  horses  have 
therefore  become  much  more  numerous  than  cattle  upon  the  open 
range. 

Two  minor  classes  of  range  land  remain  to  be  noticed.  The  first 
comprises  the  slope,s  bordering  the  coulees  of  the  wheat  lands. 
Broken  by  terraces  and  by  outcrops  of  basalt,  they  are  unsuiteil  f<ir 
grain  culture,  but  bear  a  considerable  growth  of  bunch  grass.  In  the 
aggregate  these  lands  constitute  a  large  area  adapted  for  grazing,  and 
one  that  probably  never  can  be  available  for  any  other  use. 

The  second  class  comprises  certain  narrow  strips  lying  along  rivers 
and  lakes  and  watered  by  their  underflow  or  seepage.  The  gravelly 
flood  plain  of  the  Columbia  supports  in  places  a  scanty  growth  of 
lupine  and  other  weeds  that  are  eaten  by  cattle.  The  horses  prefer 
to  range  back  whei-e  the  forage,  though  less  palatable  than  thin 
verdant  growth,  can  be  gathered  more  rapidly,  and  thus  the  green 
fodder  is  left  to  the  sluggish  cattle.  More  important,  however,  are 
the  natural  meadows  that  border  Crab  Creek  and  some  of  its  trib- 
utaries, with  certain  of  the  desert  lakes.  These  meadows  are  covered 
with  abundant  grass,  and  the  generous  growth  has  led  to  their  being 
appropriated,  fenced  off,  and  used  for  pasturing  and  hay  growing. 
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AGRICULTURE. 

GENERAL   STATEMENT. 

In  the  early  days  of  settlement  the  sole  agricultural  pursuit  of 
oastern  Washington  was  grazing  on  the  open  range.  Owing,  how- 
c»ver,  to  natural  laws  of  development,  this  industry  has  been  dis- 
placed to  a  large  extent  by  others  which  involve  the  tilling  of  the  soil, 
and  which,  while  yielding  immensely  greater  returns,  acre  for  acre, 
than  grazing,  require  less  capital  than  is  required  for  the  inception  of 
a  profitable  stock-raising  business.  The  directions  of  this  later  devel- 
opment have  differed  in  Kittitas  Valley  and  on  the  Columbia  Plains. 
This  fact,  while  due  in  part  to  differences  in  soil  and  climate,  depends 
in  a  far  higher  degree  on  the  conditions  of  water  supply.  Kittitas 
Valley  is  an  irrigated  region,  while  on  by  far  the  greater  part  of  the 
C^olnmbia  Plains  dry  farming  alone  is  practicable.  While  the  dis- 
cussion of  open  grazing,  therefore,  has  been  made  general  for  the 
entire  region,  the  other  agricultural  industries  must  be  described 
separately  for  Kittitas  Valley  and  the  plains. 

THE    COLUMBIA   PLAINS. 
NATURAL   CONDITIDNS. 

The  cultivated  portion  of  the  Columbia  Plains  may  be  classified 
as  plateau  lands,  meadow  lands,  and  bench  lands. 

By  far  the  most  important  in  extent  are  the  plateau  lands,  com- 
prising the  broad,  level  upland  areas.  The  important  natural  condi- 
tions influencing  agriculture  upon  the  plateaus  are  (1)  an  arid  cli- 
mate, (2)  absence  of  surface  water  for  irrigation,  and  (3)  a  soil  easily 
tilled,  fertile,  and  peculiarly  adapted  to  retaining  and  utilizing  the 
scanty  precipitation.  The  soil  of  the  plateau  lands  is  shown  by 
chemical  analysis  to  abound  in  the  elements  necessary  to  support 
plant  life.  Its  peculiar  virtues,  however,  are  probably  due  less  to  its 
chemical  than  to  its  physical  properties,  its  fine  open  texture  render- 
ing the  plant  food  readily  available  and  its  friable  character  and 
freedom  from  stones  making  it  very  easy  to  till.  Probably  most 
important  of  all,  however,  is  its  behavior  toward  water.  On  the  one 
hand,  it  is  so  porous  that  rain  or  melted  snow  is  quickly  absorbed  by 
it,  so  that  a  smaller  proportion  is  lost  by  run-off  or  by  evaporation 
from  puddles  than  would  be  lost  if  it  were  more  clayey  and  imper- 
vious, and,  on  the  other  hand,  it  is  not  loose  enough  to  allow  the  water 
to  sink  rapidly  and  become  unavailable,  as  it  does  in  a  deep  sandy  soil. 
The  spaces  between  the  particles  of  the  fine  loam  are  so  small  that 
the  water  is  held  in  them  by  adhesion  or  capillary  attraction,  and 
yields  to  the  force  of  gravity  only  slowly  and  to  a  comparatively 
small  extent.  Therefore  a  large  proportion  of  the  slight  precipita- 
tion is  kept  sufficiently  near  the  surface  to  be  used  by  the  growing 
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wheat,  and  successful  ^rain  culture  is  ix)ssible  with  a  rainfall  that 
would  Ix*  insufficient  in  a  soil  of  less  advantageous  physical  consti- 
tution. Dry  farming  of  grain  is  the  industry  found  most  profitable 
linder  these  conditions,  and  absorbs  by  far  the  greatest  part  of  the 
energies  of  the  farming  population  in  this  district,  as  well  as  in  ea?4- 
ern  Washington  generally. 

Far  less  in  area  than  the  grain  lands  are  the  meadows  of  Crab 
Creek,  (irand  Coulee,  and  Harrison  Springs,  characterized  by  heavy, 
moist,  generally  alkaline  soils,  and  chiefly  devoted  to  hay  and  pasture. 

The  bench  lands  comprise  a  comparatively  small  area  on  the  ter- 
races of  Columbia  River,  where  the  sandy  alluvial  soil  is  irrigated 
with  river  water  and  produces  a  variety  of  crops. 

DEVELOPMENT. 

Grain  nilture, — The  invasion  of  the  land  by  the  wheat  industry 
has  proceeded  from  the  northeast.  The  settlement  of  the  district 
about  Ritzville,  the  thriving  county  seat  of  Adams  County,  dates  back 
nearly  a  score  of  years,  and  the  well-tilled  farms,  the  numerous  small 
but  flourishing  orchards,  and  the  substantial  farm  buildings  give  this 
vicinity  a  gratifying  aspect  of  prosperity.  The  villages  on  the  North- 
ern Pacific  Railroad  southwest  of  Ritzville  and  alonor  the  Crreat 
Northern  are  lively  and  growing,  but  glaringly  new,  and  the  hastily 
constructed,  often  unpainted  frame  house  is  the  prevailing  architec- 
tural type.  The  whole  aspect  of  the  country  also  speaks  of  its  recent 
settlement.  In  the  vicinity  of  Connell  a  large  proportion  of  the 
wheat  land  has  been  broken  in  the  past  year,  and  many  sections,  pro- 
tected from  grazing  by  fences,  still  bear  an  abundant  growth  of 
bimch  grass. 

To  the  west  also  the  frontier  of  the  wheat  belt  is  being  pushed 
to  the  border  of  the  desert.  The  land  is  dotted  with  the  board  shan- 
ties of  homesteaders  and  with  newly  plowed  squares  that  break  the 
surface  of  the  virgin  ground.  The  clearing  away  of  the  strong  and 
abundant  sagebrush  of  this  district  preliminary  to  the  first  sowing 
is  no  small  task,  and  many  entire  families  are  to  be  seen  engagetl 
in  uprooting  the  shrubs,  collecting  them  in  wagons,  and  feeding  them 
to  blazing  bonfires.  The  wholesale  destruction  of  the  brush  is  rather 
to  be  deplored,  for  the  roots  and  lower  stalks  are  used  as  fuel  in  many 
homes,  and,  while  far  from  ideal  for  this  purpose,  must  be  of  con- 
siderable value  in  a  region  where  wood  is  so  difficult  to  obtain. 

The  earlier  settlement  of  the  northeastern  part  of  this  region  is  not 
due  to  chance  alone,  but  in  part  to  better  natural  conditions,  tho 
greater  rainfall  giving  this  section  a  natural  advantage  over  the  coun- 
try to  the  southwest.  The  appearance  of  the  stubble  after  the  fall 
harvest,  as  well  as  general  report,  indicates  that  it  is  superior  in 
natural    productiveness   to   the   more    arid    districts.     Part   of   the 
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npparent  superiority  is  doubtless  due  to  long  cultivation  of  the  land, 
ior  the  best  results  are  not  obtained  until  about  three  vears  after  the 
first  breaking,  when  the  roots  of  the  sagebrush  and  bunch  gra«ss  are 
quite  decomposed.  But  after  making  all  allowances  it  still  sihmus 
unreasonable  to  expect  as  good  returns  in  the  recently  settled  districts 
to  the  south  and  west  as  from  the  older  land,  where  crops  may  suffer 
heavily  in  years  of  especially  light  rainfall. 

Exact  data  concerning  the  yield  of  wheat  are  difficult  to  obtain, 
but  the  general  run  of  crops  appears  to  be  from  16  to  25  bushels  |K»r 
acre.  Extremely  large  yields  are  not  necessary  for  profitable  culture, 
for  the  land  is  low  in  price  and  so  easily  w^orked  that  the  cost  of  cul- 
tivation is  much  less  than  in  heavier  lands.  It  seems  necessary,  how- 
ever,  to  work  a  considerable  holding,  and  the  ranches  are  probably  in 
a  majority  of  cases  a  section  or  more  in  area.  The  advantages  of 
close  settlement  and  small  farms  will  perhaps  never  be  attained. 

Forage  growing. — An  important  adjunct  to  the  grazing  industry 
is  the  culture  of  hay  for  winter  feeding.  There  are  numerous 
farms  along  upper  and  middle  Crab  Creek  where  hay  is  gathered 
from  the  meadows,  the  crop  being  stored  in  large  stacks  and  the 
mown  fields  used  as  pastures  for  some  time  after  harvest.  The 
greater  portion  of  this  hay  is  fed  on  the  ranches,  for  while  a  minor 
quantity  is  hauled  to  villages  in  the  wheat  lands  it  can  hardly  com- 
pete successfully  with  wheat  hay  and  hay  imported  from  the  irri- 
gated districts  to  the  west.  Unfortunately,  the  strongly  alkaline 
character  of  the  soil  is  fatal  to  the  better  forage  plants,  and  the  crop 
is  of  wild  hay,  very  inferior  in  nutrient  qualities  to  timothy,  clover, 
or  alfalfa.  One  hay  ranch,  perhaps  the  most  important  seen  during 
this  reconnaissance,  is  located  on  spring-watered  land  at  the  foot  of 
Priest  Rapids.  At  this  locality  the  excessive  moisture  of  the  soil  is 
prejudicial  to  domesticated  grasses,  though  they  have  gradually  been 
introduced  to  a  slight  extent,  and  the  quality  of  the  crop  is  thereby 
improved. 

Horticulture. — Though  horticulture  in  this  portion  of  the  State 
is  not  an  important  industry,  orchards  for  supplying  the  needs 
of  a  household  are  very  generally  to  be  found  on  the  older  ranchers, 
and  larger  ones  are  fairly  numerous  in  the  neighborhood  of  Ritz- 
ville.  Two  were  seen  pn  Columbia  River,  one  irrigated  by  a  water 
w^heel  and  another  by  a  small  ditch  from  a  neighboring  canyon.  So 
far  as  known,  no  shipments  of  fruit  are  made  to  distant  parts  of  the 
State. 

The  natural  conditions  in  the  wheat  country  are  unfavorable  to 
fruit  culture  in  many  ways.  The  late  frosts  in  spring,  as  experience* 
has  shown,  are  often  fatal  to  the  grow^th  of  peaches  where  they  have 
been  tried.  The  hardier  apples  often  attain  good  size  and  quality, 
especially  upon  high  ground,  and  prune  trees  are  said  to  yield  good 
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crops.  Excellent  pears  are  grown  on  the  McMannamon  ranch  on 
middle  Crab  Creek,  where  the  alkali  of  the  soil  is  injurious  to  must 
other  fruit  trees.  In  the  land  bordering  Columbia  River  there  seeiu^ 
reason  to  hope  that  fruits  may  be  grown  with  much  success  if  exten- 
sive irrigation  can  be  provided,  for  at  AVenatchee,  where  temperatnn- 
conditions  are  probably  very  similar,  fruit  culture  is  a  flourishin«; 
industry. 

Small  fruits  are  said  to  thrive  where  their  culture  has  l^een  at- 
tempted, notably  on  the  plateau  west  of  Grand  Coulee.  Doniostir 
vegetable  gardens,  with  cabbage,  corn,  and  other  hardy  plants.  a<M 
to  the  comfort  and  convenience  of  many  thrifty  ranchers,  but  gen- 
erally do  not  present  a  flourishing  appearance. 

Except  at  the  two  localities  on  Columbia  Rjver  already  ineiitioiie«i. 
practically  no  fruits  are  irrigated  in  this  region.  Vegetables  are 
sometimes  watered  bv  a  small  stream  from  the  farm  well,  but  no 
extensive,  systematically  irrigated  gardens  exist.  If  irrigation  wen' 
possible  there  is  no  doubt  that  the  quality  and  amount  of  fruit  anil 
vegetables  raised  in  this  region  might  be  greatly  increased.  Tht* 
extent  to  which  irrigation  may  be  practicable  will  be  discussed  later. 

KrmTAS   VALLEY. 
NATUBAL   CONDITIONS. 

The  broad  floor  of  Kittitas  Valley  pi'esents  a  large  area  of  aUuvial 
soil  of  great  natural  fertility.  The  annual  rainfall  is  too  low  to  sup- 
port agriculture  in  itself,  but  this  deficiency  is  more  than  overcome 
by  the  conditions  that  have  made  it  possible  to  irrigate  a  large  por- 
tion of  the  land  from  mountain  streams.  The  rather  low  mean 
temperature  and  the  lateness  of  spring  frosts  is  disadvantageous  antl 
makes  horticulture  less  successful  than  in  the  Yakima  region,  where 
conditions  are  otherwise  similar.  The  character  of  the  agricultural 
industries  of  Kittitas  Valley  has  been  determined  by  the  condition> 
thus  briefly  outlined.  They  may  be  classified  as  follows:  (1)  Grow- 
ing of  forage;  (2)  dairying;  (3)  grain  culture,  and  (4)  horticul- 
ture. 

Forage  g vowing, — In  the  winter  feeding  of  sheep,  cattle,  and 
horses  that  range  the  neighboring  hills  and  mountains  a  large  amount 
of  forage  is  consumed  on  the  valley  farms.  But  as  the  irrigateil 
lands  are  eminently  suited  to  the  growing  of  hay  and  the  warm  drv 
months  of  summer  enable  the  farmer  to  cure  it  thoroughly  with  small 
risk  of  injury  by  rain,  a  large  surplus  over  that  consumed  locally  i> 
raised,  the  different  varieties  of  hay,  mainly  timothy,  clover,  and 
alfalfa,  constituting  one  of  the  most  important  crops  of  the  region. 
It  is  baled  and  exported  in  large  quantities  and  finds  ready  sale  ai 
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prices  considerably  higher  than  those  obtained  for  the  forage  grown 
in  the  more  humid  region  west  of  the  Cascades. 

Dairying. — ^The  abundance  of  the  best  fodder  and  the  excellent 
l>asture  afforded  by  hay  fields  in  the  intervals  of  cropping  are  condi- 
tions favorable  for  milch  cattle,  and  dairying  is  an  industry  of  con- 
siderable importance.  WTiile  no  large  farms  are  entirely  devoted  to 
it,  the  great  majority  of  ranchers  produce  small  quantities  of  milk, 
which  is  collected  daily  by  the  several  creamery  companies  and 
worked  into  excellent  butter  on  a  large  scale.  There  are  six  cream- 
eries in  the  county,  which  is  among  the  most  important  dairying 
counties  of  the  State. 

Grain  culture. — Grain,  including  wheat,  barley,  and  oats,  in  order 
of  importance  as  named,  is  a  crop  of  considerable  magnitude,  the 
greater  part  being  grown  on  the  marginal  portions  of  the  valley, 
where  there  is  not  sufficient  water  for  the  proper  irrigation  of  hay. 

IlorticulUtre. — There  are  probably  no  ranches  in  Kittitas  Valley 
with  horticulture  for  their  principal  dei)endence,  but  nearly  every 
thriving  farm  has  its  garden  and  orchard  to  supply  domestic  needs. 
Nearly  all  vegetables  do  well  under  irrigation,  and  considerable  quan- 
tities  of  small  fruit*i  and  vegetables  are  exported.  The  climate,  as 
lH»fore  noted,  is  unfavorable  to  most  orchard  fruits.  Apples  are  the 
only  ones  grown  in  sufficient  quantity  for  export;  these  are  of  excel- 
lent appearance  and  flavor,  and  generally  freer  from  worms  and  other 
defects  than  the  fruit  of  western  Washington. 

GEOIiOGY. 

GENERAL   STATEMENT. 

The  area  considered  in  this  report  lies  wholly  within  the  vast  terri- 
tory which,  in  Miocene  time,  was  inundated  by  great  floods  of  basaltic 
lava.  Throughout  the  greater  part  of  the  region  the  basalt  lies  not 
far  beneath  the  surface.  Though  for  the  most  part  covered  with 
soil  in  the  level  upland  stretches  and  gentle  slopes,  it  is  exposed  in 
the  walls  of  nearly  every  coulee  or  canyon.  From  this  rock  are  carved 
the  imposing  but  somber  cliffs  of  the  Grand  Coulee,  the  gorge  of  the 
Columbia  at  the  foot  of  Table  Mountains,  and  the  majestic  Sentinel 
Bluffs.  Its  depth  appears  from  the  fact  that  nowhere  within  the 
limits  of  this  reconnaissance  has  it  been  cut  through  by  the  streams 
that  have  so  deeply  trenched  it. 

Upon  the  basalt,  in  late  Miocene  time,  there  were  laid  down  sev- 
eral hundred  feet  of  sediments  belonging  to  what  is  known  as  the 
EUensburg  formation.  While  these  beds  may  have  been  deposited 
over  the  greater  portion  of  the  area  considered,  they  have  yielded 
with  comparative  readiness  to  erosion,  and  now  occupy  but  a  fraction 
of  the  land  surface.  In  the  White  Bluffs  of  the  Columbia  this  for- 
mation is  splendidly  exposed. 
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Since  the  deposition  of  the  Ellensburg  beds  the  layers  of  roik. 
originally  horizontal,  have  l)een  tilted  and  folded,  and  the  land  ha- 
been  modeled  to  its  present  form  by  the  work  of  water,  ice,  and  wind. 

STRATIGRAPHY. 

YAKIMA    n  AS  ALT." 
DISTRrilUTlON    AND   VOLUME. 

By  reason  of  its  vast  extent  and  great  volume  the  basalt  of  thf* 
Columbia  basin  is  one  of  the  most  important  volcanic  formations  ir. 
the  world.  Its  greatest  thickness  is  not  less  than  4,000  feet,  and  \l> 
area,  including  portions  of  AVashington,  Oregon,  and  Idaho,  ha.^ 
Ix'en  estimated  at  about  '250,000  sijuare  miles.  In  Washington  an<l 
Idaho  the  area  underlain  by  it  includes  practically  the  entire  Colum- 
bia Plains  and  that  portion  of  south-central  Washington  de.signate'I 
the  *'  foothill  province,''  as  well  as  a  considerable  strip  along  the 
southern  border  of  the  State,  crossing  the  Cascade  Range  and  extend- 
ing west  to  the  ocean. 

East  of  the  area  immediatelv  considered  here  the  Yakima  ba>alt. 
where  its  edge  is  exposed,  is  underlain  by  Tertiary  sandstones  Ju-t 
south  of  Wenatchee  the  northern  face  of  Saddle  Mountain  is  a  loft\ 
and  precipitous  cliff  of  basalt,  at  the  foot  of  which  lies  a  l)elt  of  low 
hills  carved  from  the  rather  soft  sandstones  which  occupy  both  sitlr«* 
of  the  river  at  Wenatchee,  but  soon  thin  out  to  the  north.  From  a 
short  distance  al>ove  Wenatchee  to  the  mouth  of  the  Okanogan  tlit» 
boundary  of  the  lava  is  marked  by  the  Columbia,  whose  left  bank- 
is  overlooked  by  a  precipitous  wall,  with  a  top  or  "  rim  '"  of  ba^Nidt. 
immediately  underlain  by  old  crystalline  rocks,  such  as  granite, 
gneiss,  and  schist;  to  the  north  these  older  rocks  are  not  exposed,  the 
basalt  forming  the  entire  wall  of  the  canyon. 

Near  the  Okanogan  the  boundary  again  crosses  the  Columbia,  ami 
is,  in  general,  coincident  with  the  southern  border  of  the  Okanogan 
highlands.  On  the  northeast  and  the  east  the  lava  reaches  up  the 
lower  slopes  of  the  mountains  in  Idaho,  remnants  of  it  l)eing  found 
along  the  valley  of  Spokane  River,  about  Coeur  d'Alene  Lake,  and 
along  the  lower  parts  of  the  rivers  flowing  into  it.  Along  the  entin' 
northern  and  eastern  boundaries  the  surface  upon  which  the  bas^ilt 
was  poured  out  is  supposed  to  have  consisted  of  ancient,  mostly  cr\>- 
talline,  rocks.  To  the  south,  southeast,  and  southwest  the  basalt  area 
extends  for  considerable  distances  into  Idaho  and  Oregon,  b(ft  it- 
delimitation  in  these  directions  need  not  be  dicussed  here. 


"  This  name  was  first  used  by  Mr.  (}.  O.  Smith  In  Water-Sup.  and  Irr.  Paper  No  .'•.'•. 
and  is  applied  to  the  Miocene  basaltic  series  of  this  region.  The  term  "Columbia  Kivt>r 
lava,"  as  used  by  Professor  Russell,  includes  Eocene  and  Pleistocene  lavas  separaii->J 
from  the  Yakima  bacalt  by  Important  sedimentary  formations. 
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OBIOIN. 

The  origin  of  a  body  of  lava  so  vast  and  widespread  is  an  inter- 
esting problem.  It  is  a  generally  accepted  view  that  the  originally 
molten  rock  was  forced  up  through  great  cracks  or  fissures  in  the 
crust  of  the  eartli;  this  theory  is  based  on  three  kinds  of  evidence: 

(1)  The  volume  and  extent  of  the  lava  floods  are  so  enormous  that 
it  is  difficult  to  conceive  of  their  eruption  from  ordinary  craters; 

(2)  the  comparative  rarity  of  the  fragmental  materials  known  as 
•"'  tuffs,"  "  breccias,"  etc.,  indicates  a  quiet  Avelling  up  through  fissures 
without  the  explosive  action  characteristic  of  crater  eniptions;  (3) 
llie  theory  has  received  very  positive  confirmation  of  late  years  by 
actual  observation  of  the  fissures  from  which  these  floods  came  forth, 
filled  with  the  cooled  and  hardened  basalt  and  exposed  by  the  erosion 
of  the  overlying  flows.  In  the  Cascade  Mountains  there  is  a  great 
system  of  dikes  in  the  sandstone  IxMieath  the  basalt,  which  has  l)een 
clesi'ribed  by  Professor  Russell "  and  b}'  Mr.  (ieorge  Otis  Smith.'' 

The  thousands  of  feet  of  basalt  in  the  plains  were  not  poured  forth 
in  one  great  outburst.  The  series  is  nuide  up  of  a  great  number  of 
layei-s  or  flows  that  can  l)e  distinguished  in  the  field  by  means  to 
l>e  discussed  in*  another  section.  It  is  estimated  that  about  twenty 
such  flows  have  been  cut  through  by  the  river  at  Sentinel  Bluffs. 
Each  of  these  layei-s  represents  a  distinct  outpouring  of  basalt,  the 
eruptions  being  separated  by  various  intervals  of  time.  In  some  cases 
thes(^  periods  of  ivst  must  have  endured  for  centuries,  for  at  ceitain 
localities  there  are  beds  of  soil  betw^een  tlie  layei-s  on  which  trees 
have  grown  to  considerable  size,  to  be  charred  and  buried  by  later 
flows.  The  basalt  eruptions,  especially  in  the  later  stages  of  their 
activity,  were  interrupted  by  periods  in  w^hich  there  w^ere  accumu- 
lated other  materials,  consisting  of  volcanic  ashes  of  a  composition 
different  from  that  of  the  basalt,  and  beds  of  sand,  clay,  or  gravel, 
laid  down  in  lakes  or  rivers. 

The  average  thickness  of  the  individual  flows  in  this  region  is  prob- 
ably between  50  and  100  feet.  Their  extent,  considered  separately, 
must  have  been  enormous,  for  it  is  rare  to  see  the  edge  of  a  layer 
thinning  out.  This  fact  indicates  that  the  molten  rock  was  in  a 
highly  fluid  condition  and  retained  its  fluidity  long  enough  to  spread 
out  for  great  distances. 

In  addition  to  the  massive  flows  that  form  the  greater  part  of  the 
series  there  are  beds  of  fragmental  volcanic  material,  such  as  bombs 
or  smaller  angular  fragments  of  lava.  Such  materials  either  have 
been  thrown  up  to  great  heights  and  spread  out  upon  the  surrounding 

<*  Raesell,  I.  C,  Preliminary  paper  on  the  geology  of  the  Cascade  Mountains  in  northern 
Washington!   Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1.  1899,  pp.  121-122,  pi.  xil. 
»  Smith,  G.  O.,  Mount  Stuart :  Geologic  Atlas  U.  S.,  folio  106,  U.  S.  Qeol.  Survey,  1904. 
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country,  or,  mixed  with  hot  volcanic  water,  have  formed  mud  flows 
and  rmi  out  on  the  surface  in  much  the  same  way  as  true  lava.  Their 
formation  was  perhaps  due  to  the  partial  choking  of  fissures  by  con- 
gealed material,  and  the  building  of  craters  where  the  pent-up  sub- 
terranean forces  found  constricted  vents.  The  fragmental  materials 
are  not  so  generally  distributed  nor  so  widespread  as  the  massive 
flows;  they  are  most  munerous  and  thickest  in  the  mountains,  while 
in  the  Columbia  Plains  they  form  but  an  insignificant  proportion 
of  the  basalt  series. 

LITHOLOGIC  CHABACTEB. 

The  textural  and  structural  features  of  the  basaltic  rocks  are  of 
interest  not  only  to  the  scientist,  as  throwing  light  upon  the  manner 
in  which  the  lavas  were  erupted,  but  to  the  practical  man  also,  for 
the  deep  water  of  this  region  is  found  chiefly  in  the  basalt  series. 
The  lithologic  characters  will  therefore  be  considered  somewhat 
fuUy. 

The  texture  of  the  basaltic  rock,  viewed  in  small  specimens  or  frag- 
ments, shows  a  considerable  range  of  variation  expressive  of  the 
different  rates  at  which  the  lavas  cooled.  The  central  portions  of 
thick  flows,  where  cooling  has  been  slow,  arc  often  completely  crys- 
talline. In  thin  flows,  or  near  the  surfaces  of  thicker  ones,  the  rock 
is  of  finer  texture,  is  generally  dull  in  luster,  and  does  not  show,  to 
the  unaided  eye,  the  minerals  of  which  it  is  composed.  Where  the 
basalt  has  been  suddenly  chilled,  especially  at  the  base  of  a  flow,  the 
lava  may  solidify  as  a  black  glass.  From  the  practical  standpoint, 
however,  the  most  important  fact  in  regard  to  texture  is  that  the 
basalt  is  generally  fine  and  compact,  with  lio  pores  capable  of  allow- 
ing water  to  pass  to  any  appreciable  extent  through  the  solid  rock. 

The  structural  characters  of  lava  flows  are  dependent  on  conditions 
attending  their  eruption  and  cooling,  and  may  best  be  described  with 
reference  to  their  origin. 

SURFACE  FEATtJBES  OF  LAVA  IIX)WS. 

Molten  lava,  as  it  issues  from  the  earth,  is  always  charged  with 
steam.  While  the  lava  remains  underground  the  steam  is  intimately 
mixed  with  the  molten  rock  and  is  prevented  from  expanding 
by  the  enormous  pressure  of  the  overlying  crust.  When  the  lava 
emerges  on  the  surface,  however,  there  is  a  sudden  decrease  in  pres- 
sure, and  the  steam  combined  with  the  lava  expands  and  collects  in 
bubbles,  which  rise  to  the  surface  and  burst,  giving  off  the  great 
clouds  of  vapor  that  always  rise  from  a  moving  flow  of  lava.  The 
solidification  of  the  molten  rock  generally  takes  place,  however,  before 
the  steam  has  entirely  escaped,  and  the  bubbles  in  the  upper  portion 
of  the  flow  become,  as  it  were,  frozen,  so  that  the  upper  surface  of  a 
lava  flow  has  generally  a  vesicular  or  honeycombed  character.    It  is 
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by  this  structure  that  the  upper  surface  of  a  flow  is  best  distinguished 
and  the  different  flows  distinguished  from  one  another.  The  bottom 
of  a  sheet  sometimes  has  this  vesicularity  in  a  minor  degree,  owing  to 
the  sudden  chilling  and  solidification  of  that  portion  before  it  has 
freed  itself  from  watery  vapor. 

Another  common  surface  feature  is  that  produced  by  the  formation 
of  a  crust  on  the  top  of  a  flow  and  its  subsequent  disruption  by  the 
onward  movement  of  the  still  liquid  lava  beneath.  The  rough  scoria- 
ceous  layer,  formed  by  the  fragments  of  this  crust  cemented  by  other 
molten  material,  is  called  a  flow  breccia.  Again,  the  crust  formed 
upon  the  advancing  front  of  a  lava  flow  may  often  be  broken  and  the 
fragments  rolled  under  and  incorporated  in  the  bottom  part  of  the 
moving  sheet  of  molten  material. 

CONTBACTION   PABTINOS. 

After  the  lava  has  completely  solidified  it  is  still  at  a  temperature 
enormously  higher  than  that  which  it  must  ultimately  attain,  and  a 
gradual  cooling  progresses  for  a  considerable  time.  Cooling,  in  the 
case  of  basalt  as  of  most  other  substances,  brings  contraction.  This 
necessarily  leads  to  the  formation  of  joints  and  small  fissures,  divid- 
ing the  rocks  into  blocks  or  plates  of  varying  size  and  regularity,  and 
such  contraction  partings  are  of  universal  occurrence  in  the  basalts 
of  the  Cohmibia  basin.  The  forms  into  which  the  lavas  are  thus 
divided  are  multitudinous,  but  are  divisible  into  a  number  of  classes, 
each  of  which  will  be  briefly  described. 

Columnar  jointing,  generally  perpendicular  to  the  cooling  surfaces 
and  therefore  most  often  nearly  vertical,  is  the  most  universal  and 
striking  structural  feature  of  the  basalt  flows  (PI.  Ill,  B).  The 
columns  vary  greatly  in  size  and  regularity  of  form,  their  diameters 
ranging  from  a  few  inches  to  6  feet.  They  are  sometimes  so  straight, 
sharp  cornered,  and  clean  cut  as  to  simulate  the  work  of  human 
hands.  More  frequently,  however,  they  exhibit  imperfections  of 
form,  the  sides  being  warped  and  not  parallel  to  one  another.  Cross 
sections  of  the  most  perfect  prisms  are  oftenest  pentagonal  or  hex- 
agonal, but  polygons  of  4,  7,  or  8  sides  are  also  common. 

The  main  vertical  columns  of  the  basalt  flows  are  generally  sub- 
divided by  secondary  partings.  Most  universal  is  a  transverse  joint- 
ing, dividing  each  column  into  sections  of  varying  lengths.  An 
extreme  development  of  such  jointing  is  characteristic  of  certain 
flows,  mainly  in  the  upper  portion  of  the  series,  which  are  primarily 
divided  into  vertical  columns  of  large  size  and  great  regularity, 
these  in  turn  being  divided  by  slightly  curved,  nearly  parallel,  and 
very  numerous  horizontal  partings  into  scaly  fragments  which  over- 
lap irregularly  and  do  not  extend  entirely  across  the  columns. 

Another  secondary  parting,  which  has  been  described  by  Professor 
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Russell.**  i*esults  in  the  formation  of  small  columns  peri>endicular  ti» 
the  fac>e.s  of  the  large  vertical  ones.  This  structure  occurs  where  t6e 
vertical  columns  aiv  irregular  and  especiallj^  large.  In  such  ca^- 
the  vertical  (Tacks  are  comparatively  wide,  and  probably  allowe«l 
radiation  and  convection  of  heat  from  the  sides  of  the  column-. 
These  were  then  cooling  surfaces,  and  columns  peri)endicular  to  them 
were  formed  according  to  the  usual  law\ 

Lamellar  parting  parallel  to  the  surface  of  flows  is  fre<pieut  near 
the  upjK*r  and  lower  surfaces.  This  may  extend  for  varying  hori- 
zontal distances  and  is  frequently  combined  with  irregular  vertical 
jointing. 

FRA(iME?lTAL    UKUS. 

The  beds  of  fragmental  material  thrown  out  from  cratei^s  are  made 
up  of  rough,  angular,  and  generally  scoriaceous  fragments  of  gla>>v 
lava,  imperfectly  sorted,  and  not  clearly  stratified.  The  scarcity  of 
such  Ix^ds  in  the  plains  has  IxH^n  noted,  and  few  localiticii  can  Ix?  cite^l 
where  they  are  to  l)e  obst^rved.  In  I)rv  Coulee,  north  of  Adrian,  a 
bed  of  red,  slagg\',  and  porous  fragments  was  seen,  which  carrie> 
water  and  supplies  two  or  three  springs.  The  north  front  of  Vakiiiia 
Ridge  exhibits  exposures  which,  by  their  erosion  forms,  appear  to 
be  coarse,  fragmental  basalts.  To  the  west,  as  has  be^n  remarket!. 
finer  grained  materials  of  similar  nature  are  more  plentifid,  and  con- 
siderable exposures  are  to  be  seen  in  Shushuskin  Canyon  and  other 
ravines  in  the  hills  about  Kittitas  Valley.  The  fragmental  nuiterial> 
are  uncemented,  very  j^orous,  and  well  fitted  to  absorb  and  store  up 
large  quantities  of  water. 

MATERIALS    INTEBBEDDED   WITH    THE   BASALT. 

Materials  other  than  basalt,  intei'stratified  with  the  lava,  wen* 
observed  only  in  the  upper  portion  of  the  stories.  The  most  important 
of  such  Ixids  is  exposed  in  the  escarpment  of  Saddle  Mountain  over- 
looking Crab  Creek,  and  in  the  bluff  opposite  Craig's  ferry.  It  i> 
composed  of  fine  grayish-white  volcanic  ash  with  very  regular  btnl- 
ding,  is  about  100  feet  thick,  and  is  overlain  by  about  an  equal  thick- 
ness of  basalt.  Similar  ash  beds  in  similar  stratigraphic  po^dtions 
were  observed  on  the  sides  of  Kittitas,  Squaw  Ci*eek,  and  middle  Crab 
Creek  valleys,  but  they  do  not  seem  to  be  continuous  with  the  Saddle 
Mountain  ash.  The  latter,  indeed,  is  not  observed  on  the  west  side 
of  the  river  at  Sentinel  Bluffs,  and  seems  to  thin  out  or  disappear  to 
the  east  also. 

About  500  feet  l)elow  the  top  of  the  Sentinel  Bluffs  another  light- 
colored  bed  about  40  feet  in  thickness  is  interstratified  with  the  basalt 
and  exposed  at  the  same  level  in  the  cliffs  on  either  side.  This  IxhI 
consists  of  wdiat  is  known  as  an  arkose  sandstone,  made  up  of  grains 

«  RusBell,  1.  C,  Reconnaissance  !n  Houtheastern  Washington ;    Water-Sup.  and  Irr.  I*apcr 
No.  4,  U.  S.  Geol.  Survey,  1897,  p.  45. 
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of  quartz,  feldspar,  and  mica.  This  rock,  moderately  coarse  grained, 
friable,  and  of  open  texture,  is  well  fitted  to  act  as  a  water-bearing 
stratmn. 

ELLENSBURG   FORMATION. 
DISTRIBUTION. 

Lying  upon  the  surface  of  the  basalt  at  numerous  localities  in  east 
Washington  is  a  series  of  supposed  lake  IhmIs  known  as  the  Ellens- 
burg  formation,"  from  their  having  been  first  carefully  studied  near 
the  town  of  that  name.^ 

The  distribution  of  similar  l)eds  in  the  same  stratigraphic  position 
is  extensive,  and  they  are  found  in  great  volume  in  various  places  in 
the  western  and  the  southern  parts  of  the  Columbia  Plains.  That 
these  deposits  are,  or  ever  wore,  continuous  over  this  broad  area  can 
not  be  asserted  positively,  but  their  general  similarity  at  the  various 
loc4ilities  points  to  the  existence  of  similar  conditions  of  deposition 
over  an  extensive  strip  of  territory  east  of  the  Cascade  Mountains  in 
the  period  following  the  close  of  the  basaltic  eruptions. 

The  present  distribution  of  the  Ellensburg  beds  in  the  area  covered 
by  this  report  is  not  so  easy  to  determine  as  the  barren  aspect  of  the 
cx)untr}'  leads  one  to  expect.  The  formation  is  rarely  exposed  except 
where  cliffs  have  been  carved  in  it  by  ancient  or  modern  streams,  and 
its  boimdaries  are  mostly  concealed  by  a  thick  covering  of  wind-blow^n 
soil.  These  conditions,  combined  with  the  hasty  character  of  the 
work  and  the  lack  of  a  good  topographic  base,  forbade  anything  like 
a(;cnrate  determination  of  boundaries,  and  those  represented  on  the 
map  (PI.  I)  are  t^)  be  regarded  as  but  roughly  approximate. 

LITHOIXKlir    CHARACTER. 

The  character  of  the  typical  Ellensburg  material  of  the  Columbia 
Plains  is  shown  by  the  following  descriptive  section  of  the  exf)osnre 
at  the  upper  end  of  White  Bluffs.  The  l)eds  are  descril)ed  in  ascend- 
ing order. 

Section  of  Ellenshurg  hcffs  at  White  Bluffs,  1  mile  helow  Koppen's  ranch. 

Feet. 
Sand,  partly  consondate<l,  and  sandy  clay,  mostly  red,  weathering  in  part 

into  small   spheroids 2.5 

Reel  tuffaeeous  sandstone,  fine  grained  (ledge) 3 

Soft,  reddish,  medium-grained  sandstone OJ 

( 'ro88-he<lded  sand  and  flue  gravel ;  fragrants  mostly  of  scoriaceous  basalt, 

somewhat  rounded 5 

-  "  John  Day  system  "  of  Bull.  No.  108  and  Water-Sup.  and  Irr.  Paper  No.  4.  l'.  S.  (Jeol. 
Huryey,  but  so  called  erroDeously,  for  the  original  John  Day  is  of  early  Miocene  age,  and 
lies  beneath  the  great  basalt  .series.  See  Merrlam,  J.  ('.,  Hull.  Dept.  Oeoloffy,  Univ.  of 
Cal.,  vol.  2,  No.  9,  p.  276.  The  Ellensburg  formation  is  probably  equivalent  to  the 
Mascnll  formation  of  the  John  Day  Valley. 

*For  detailed  description  of  this  formation  in  the  type-region,  see  Smith,  O.  O., 
Kllensburg,  (ieologic  Atlas,  II.  S.,  f«)llo  S4,  V.  S.  (Jeol.  Survey,  19o;i. 
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Feet 

Fine  saud  and  silt,  with  small  basalt  pebbles 3^ 

Silt,  not  laminated,  gray  to  terra  cotta  in  color,  nodnlar  in  upi>er  part 24 

Fine  soft  sandstone,  gray  green  to  terra  cotta 20 

Clay,  gray  green  to  pink 15 

Greenish  white  clay,  not  laminated,  checking  into  small  fragments,  with 

feldspar   grains 70 

Pale  terra  cotta  silt,  not  laminated 7 

Greenish  clay 3 

Pale  terra  cotta  silt,  obscurely  laminated 5 

Soft  greenish  clay 20 

Above  this,  but  probably  not  of  the  Ellensburg  formation,  are : 

Gravel,  with  pebbles  of  basalt  5  Inches  or  less  in  diameter,  incrasted 
with  limy  material;  matrix  light-colored  silt  and  sand,  partly- 
cemented  with  limy  matter 15 

Sand,  lower  part  with  fine  wavy  lamination,  upper  part  with  a  peculiar 
chambered  structure,  having  thin,  highly  contorted  partitions  of  ce- 
mented sand  stained  with  iron  oxide,  with  soft  unconsolidated  sand 
between    15 

Total 225 

The  general  character  of  this  section  offers  some  points  of  contrast 
with  the  typical  section  measured  in  the  EUensburg  quadrangle.^ 
The  material  in  the  White  Bluffs  is  much  finer,  coarse  sandstones 
being  rare  and  coarse  conglomerates  entirely  lacking.  Cross-bedding, 
so  common  in  the  Naches  Vallev  section,  is  not  common  in  the  White 
Bluffs.  It  is  evident  that  the  material  has  been  carried  far  from  it^ 
source  and  deposited  under  conditions  of  comparative  quiet. 

The  Naches  Valley  section  is  characterized  by  a  very  large  propor- 
tion of  volcanic  ash  and  tuff,  mainly  of  andesitic  composition.  The 
extreme  fineness  of  most  of  the  White  Bluffs  rocks  makes  it  difficult 
to  prove  their  origin,  but  pumice  grains  and  clear  feldspar  crystals 
are  to  be  seen  in  some  of  the  material,  and  dust  scraped  from  a  speci- 
men of  very  fine  grain  is  found,  by  the  aid  of  the  microscope,  to  con- 
sist of  angular  transparent  fragments  that  seem  to  be  volcanic  glass. 
It  is  believed  that  ash  erupted  from  volcanoes  in  the  Cascade  Range, 
carried  a  great  distance  by  the  upper  ail*  currents,  and  finally  falling 
gently  into  the  waters  of  a  shallow  lake,  form  the  most  important  con- 
stituent of  the  AVliite  Bluffs  beds.  Certain  of  the  sandy  layers,  how- 
ever, were  probably  laid  down  by  river  currents. 

The  writer  found  no  fossils  of  Any  kind  in  the  Ellensburg  forma- 
tion in  the  region  examined,  though  it  is  said  that  shells  and  bones 
have  been  found  in  the  bluffs  near  Pasco. 

In  the  Moxee  artesian  basin  the  most  abundant  supply  of  flowing 
water  is  obtained  from  the  lower  part  of  the  Ellensburg  formation. 
The  White  Bluffs  section  also  shows  an  alternation  of  relatively  per- 

«  Smith,  Q.  O.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Wash- 
ington :  Water-Sap.  and  Irr.  Paper  No.  55,  1901,  pp.  17-21 ;  and  Ellensburg  quadrangle : 
Geologic  Atlas  U.  S.,  folio  86,  U.  S.  Geol.  Survey,  1903. 
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meable  and  impermeable  strata,  which  would  seem  favorable  to  the 
occurrence  of  artesian  water,  provided  the  requisite  conditions  of 
structure  and  supply  are  also  present. 

STRUCTURE. 
GENERAL    CHARACTER    OF    DEFORMATION. 

At  the  close  of  the  period  during  which  the  Ellensburg  beds  were 
deposited  the  rocks  lay  in  a  nearly  horizontal  position.  Since  that 
time  they  have  been  deformed  in  a  manner  that  has  a  most  important 
bearing  on  the  artesian  problems  that  will  be  discussed  later  on. 

In  his  reconnaissance  of  a  much  larger  area  than  the  one  here 
described.  Professor  Russell  was  led  to  the  view  that  the  character- 
istic orographic  form  of  central  Washington  was  the  tilted  fault 
block.  The  important  economic  bearing  of  this  conclusion  was  recog- 
iiized,  as  the  presence  of  faults  was  held  to  be  very  discouraging  to 
the  hope  of  obtaining  artesian  water.  The  writer  came  to  the  field 
intending  to  investigate  this  point,  and  incUned  to  scepticism,  for  the 
examination  of  the  Ellensburg  quadrangle,  also  contained  in  Profes- 
sor Russell's  area,  had  shown  that  many  of  the  supposed  tilted  blocks 
of  the  earth's  crust  were  in  reality  unsymmetrical  anticlines  or  folds 
in  the  strata. 

The  north  face  of  Saddle  Mountain,  where  it  overlooks  the  lower 
stretch  of  Crab  Creek,  was  cited  by  Russell  as  a  very  typical  fault 
scarp.  The  topographic  form  here  does  indeed  suggest  faulting  in 
a  very  striking  way.  South  of  Crab  Creek  a  bold  escarpment  rises 
some  1,500  feet,  exposing  in  section  about  1,200  feet  of  basalt,  over- 
lain in  order  by  a  thick  bed  of  white  tuff,  a  flow  of  basalt,  and  a  small 
thickness  of  Ellensburg  formation  proper.  North  of  Crab  Creek 
this  lofty  cliff  is  confronted  by  a  low  bluff  of  basalt,  probably  between 
100  and  200  feet  in  height.  A  few  miles  to  the  northeast  a  gentle 
escarpment  is  seen,  carved  from  the  Ellensburg  beds,  here  overlying 
the  horizontally  bedded  basalt.  It  is  obvious  that  we  must  have  here 
either  a  normal  fault  with  the  downthrow  to  the  north  or  a  sharp 
flexure,  the  down-folded  portion  having  been  removed  by  erosion, 
leaving  only  the  nearly  horizontal  strata  on  either  side.  Evidence 
bearing  on  the  choice  between  these  alternative  views  was  gathered 
by  examination  of  the  Saddle  Mountain  front  to  the  east  and  to  the 
west  of  the  great  cliff. 

On  the  west  side  of  the  Columbia,  opposite  the  mouth  of  Crab 
Creek,  the  continuation  of  the  mountain  is  bounded  on  the  north  not 
by  a  cliff,  but  by  a  steep  slope,  which  passes  continuously  into  the 
rolling  surface  at  its  base.  The  surface  of  this  slope  is  nearly  con- 
formable to  the  structure  of  the  basalt.  The  moimtain  shows  no  out- 
cropping horizontal  ledges,  but  rising  through  the  mantle  of  soil, 
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sloping  backward  on  the  spurs  and  forward  in  the  gulches,  can  1* 
traced  the  outcrop  of  one  or  more  especially  resistant  beds  of  bU(4k 
lava,  having  a  dip  a  little  steeper  than  the  slope,  but  in  the  same 
direction.  A  little  north  of  the  base  of  this  slope  basalt  can  h»  s^en 
with  a  very  gentle  dip  to  the  south. 

At  another  point,  some  20  miles  east  of  the  mouth  of  Crab  CVtvk. 
the  north  slope  of  the  ridge  was  examined  again,  and  a  similar  state 
of  things  observed.  Crab  Creek  here  flows  in  a  canyon  some  hundivil- 
of  yards  wide,  Ijounded  by  precipitous  walls  about  100  feet  hicrli. 
Just  to  the  south  Saddle  Mountain  rises  with  a  moderately  sttn-ji 
terraced  slope.  For  a  few  hundred  yards  back  from  the  canyon^ 
brink  horizontal  basalt,  corresponding  to  that  across  the  canyon,  i- 
exposed.  On  the  lower  slopes  of  the  mountain  the  structure  is  con- 
cealed by  terrace  deposits  and  soil.  Behind  the  uppermost  terra<v. 
however,  the  basalt  is  again  exposed  in  a  gully,  where  it  show>  a 
northerly  dip  of  about  50°.  The  evidence  indicates  that  there  is  hen* 
a  sharp  flexure  and  not  a  fault. 

While  the  fact  is  not  proved  beyond  doubt,  the  writer  believes  tliat 
this  flexure,  observed  both  east  and  west  of  the  cliff,  was  once  am- 
tinuous  along  the  entire  front  of  Saddle  Mountain;  that  the  dilf 
along  lower  Crab  Creek  was  produced  by  erosion,  and  that  the  flex- 
ure is  here  concealed  1h»1ow  the  sediments  in  Crab  Creek  lx>ttoin. 

The  existence  of  a  fault  along  the  Grand  Coulee,  which  was 
asserted  by  Professor  Russell,  also  appears  open  to  doubt.  In  support 
of  the  fault  hypothesis,  Russell  cites  in  the  first  place  the  existentv 
of  a  down  folding  or  monocline,  exposed  in  section  on  the  east  wall 
of  the  coulee,  jipparently  without  any  cori'e.sponding  flexure  in  the 
opposite  wall.  This  fl(»\ure,  however,  is  not  absent  to  the  west,  but 
is  only  obscured  by  the  alluvial  deposits  laid  on  the  terraces  whicli 
have  been  cut  in  the  down-folded  part  of  the  basalt.  The  mono 
clinal  structure  was  ol)served  in  a  gully  northwest  of  CouIch?  City. 
The  strike  here,  so  far  as  could  be  observed,  seemed  more  nearly 
north  and  south  than  on  the  east  side,  and  the  relations  indicsiteil 
that  the  monocline  had  l)een  continuous  across  the  canvon,  but  that 
the  horizontal  projection  of  its  axis  was  probably  somewhat  curve<l. 
It  seems  unnecessary  to  sui>pose  that  there  has  been  faulting.  Fur- 
ther, the  fact  that  the  western  wall  of  the  coulee  below  the  site  of  tlu» 
cataract  is  much  greater  than  that  of  the  eastern  wall  is  explained  bv 
Professor  Russell  as  the  result  of  faulting.  To  the  writer  it  seeni^ 
that  this  fact  also  could  be  accounted  for  by  flexure.  It  is  always  to 
be  borne  in  mind  that  the  floor  of  a  canvon  half  a  mile  wide  and 
more  or  less  covered  by  alluvial  deposits  may  conceal  important 
structures. 

To  sum  up,  it  appears  to  the  writer  that  the  steep  slopes  supposeil 
by  Professor  Russell  to  l)e  fault  s<!arps  are,  in  the  region  considensl 
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here,  as  in  the  Ellensburg  area,  the  products  of  erosion  and  of  sharp 
flexure  in  the  basah.     It  is  necessary,  however,  in  order  to  establish 
the  view  here  advanced,  to  explain  the  remarkable  fact  that  such 
important  stream  channels  as  the  Grand  Coulee,  lower  Crab  Creek 
Coulee,  and  the  canyon  of  the  Columbia  just  below  Priest  Rapids 
have  been  intrenched   along  supposed   lines  of  flexure.     ITie  most 
plausible  explanation  of  this  fact  has  been  suggested  by  Profe^ssor 
Russell  himself  in  one  of  his  more  recent  publications,"  in  which  he 
advances  the  theorv  that  the  location  of  the  folds  has  been  determined 
by  the  weakening  of  the  crust  through  erosion  along  the  stream 
courses.     In  other  words,  stream  erosion,  instead  of  deformation,  has 
been   the  primary  agent.     This  hypothesis  appears  to  have  much 
probability  and  to  lend  itself  very  aptly  to  the  explanation  of  the 
course  of  lower  Crab  Creek  and  perhaps  to  the  analogous  position 
of  the  Columbia  along  tlie  base  of  the  ridge  south  of  Saddle  Moun- 
tain.    In  the  case  of  the  Saddle  Mountain  scarp,  the  surprise  at  its 
magnitude  is  diminished  when  we  realize  the  fact,  to  be  developed 
further  on,  that  the  Columbia,  swollen  l)eyond  its  present  volume 
by  water  from  a  great  glacier,  once  flowed  in  the  channel  now  occu- 
pied by  an  insignificant  and  partly  suballuvial  stream. 

CHARACTER  OF  FOIJ>8. 

Folding  is  then  considered  by  the  writer  as  the  prevalent  type  of 
deformation  in  the  region  here  discussed,  and  he  does  not  consider  it 
probable  that  the  injury  of  artesian  basins  by  fissures  is  to  Iw  appre- 
hended. In  the  west>ern  portion,  lying  in  the  foothill  zone,  tlie  anti- 
clines (structural  arches)  and  synclines  (structural  troughs)  are 
relatively  pronounced,  but  they  die  out  t^)  the  east,  and  in  the  wheat 
lands  the  basalt  has  suffered  only  gentle  tilting,  often  imi)erceptible 
in  amount. 

With  regard  to  direction,  the  folds  fall  into  two  systems.  The 
sharper  anticlines,  and  by  far  the  greater  number,  trend  nearly  east 
and  west.  To  this  system  l)elong  the  anticlines  of  Yakima  Ridge  and 
Saddle  Mountain.  Coexisting  with  the  east-west  system  there  are 
broad  and  gentle  north-south  folds,  exemplified  in  the  east  slope 
of  Table  Mountain  and  the  gentle  westerly  dip  of  the  basalt  under- 
lying the  wheat  lands. 

The  form  of  the  east-west  folds  is  characterized  by  a  lack  of  sym- 
metry, the  steeper  side  in  the  area  dealt  with  in  this  paper  l)eing 
apparently  always  to  the  north.  The  contrast  l)etween  the  north 
and  south  faces  of  Saddle  Mountain  has  l)een  mentioned,  and  other 
more  striking  examples  occur  in  the  foothill  region  outside  the  area 
with  which  this  report  is  concerned. 

"Russell,  I.  (?..  Geology  and  water  resources  of  Nez  Peroes  County.  Idaho;  Water-Sup. 
and  Trr.  Pa|)er  No.  r»3,  U.  R.  (}eoI.  Survey,  1»01.  p.  70. 
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The  coexistence  of  two  perpendicular  systems  of  folds  is  perhaps 
favorable  to  the  conservation  of  water  under  pressure,  in  so  far  as 
it  tends  to  form  basin-like  structural  depressions. 

The  specific  structural  features  of  the  region  whose  general  diar- 
acter  has  been  discussed  in  the  preceding  paragraphs  can  be  nciade 
plainer  by  the  structure  sections  accompanying  the  geologic  map 
than  by  lengthy  verbal  description. 

PHYSIOGRAPHY. 

Physiography  treats  of  the  development  of  the  existing  form  of 
the  land  surface.  In  that  development  two  classes  of  agencies  have 
been  concerned:  (1)  Forces,  probably  generated  for  the  most  part 
by  the  slow  cooling  and  contraction  of  the  earth,  which  deform  the 
strata  originally  laid  down  in  horizontal  position  and  heave  them 
up  into  the  form  of  folds  and  tilted  blocks;  (2)  the  action  of  frost, 
water,  ice,  and  wind,  which  modifies  the  masses  raised  up  by  these 
mountain-making  forces.  Agencies  of  the  second  class  are  mainly 
degrading  in  their  effect — ^that  is,  they  tend  to  tear  down  what  the 
mountain-making  forces  have  built  up. 

RELATION  OF  PHYSIOGRAPHY  TO  STRUCTURE. 

The  manner  in  which  the  Miocene  rocks  have  been  deformed  has 
been  discussed  under  the  heading  "  Structure."  The  relation  between 
this  and  the  form  of  the  land  surface  in  the  region  considered  is 
unusually  close.  There  is  over  the  greater  part  of  the  earth's  sur- 
face a  lack  of  concordance  between  the  topography  and  the  dip  of 
the  underlying  rocks,  because  erosion  has  so  deeply  modified  the  origi- 
nal form  of  the  uplifts  as  to  make  their  character  unrecognizable 
without  careful  study.  Here,  however,  the  principal  uplifts  and  the 
basins  or  troughs  between  them  have  retained,  in  a  general  way, 
their  original  form.  For  instance,  Kittitas  Valley  is  a  striking 
example  of  a  structural  basin  in  which  the  rock  layers  on  all  sides 
dip  toward  the  center,  while  the  portion  of  Table  Mountain  that 
lies  within  the  area  considered  here  is  a  structural  elevation,  its 
east  face  being  a  clear  example  of  a  "dip  slope."  The  profile  of 
the  south  face  of  Saddle  Ridge  also  is  in  harmony  with  the  arching 
structure  of  the  underlying  basalt  so  clearly  exposed  in  Sentinel 
Bluffs.  It  may  be  said,  in  general,  that  the  extensive  gentle  slopes 
in  this  region,  unbroken  by  outcrops  of  rock  ledges,  are  more  or  less 
nearly  parallel  to  the  underlying  strata  and  are  expressive  of  the 
structure  of  the  rocks.  In  contrast  to  these  <5omparatively  gentle 
structural  slopes  are  the  bold  cliffs  exposing  the  rocks  in  section. 
These  features  are  mainly  the  work  of  rivers,  whose  effect  on  the 
topography  may  now  be  considered. 
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WORK   OF  BTHEAM8. 

The  conspicuous  features  formed  by  stream  erosion  are  the  can- 
yons of  the  Columbia  and  the  Yakima  with  their  tributary  streams, 
and  the  dry  coulees  of  the  wheat  lands.  Less  prominent  are  the 
features  that  represent  the  depositing  rather  than  the  cutting  activ- 
ity of  the  streams,  namely,  the  gravelly  flood  plains  and  terraces. 
A  study  of  the  topographic  forms  that  have  resulted  from  the 
work  of  streams  throws  much  light  on  certain  of  the  later  episodes  in 
the  history  of  this  region. 

BELATION  OF  8TBXA.M  00UB8ES  TO  BTBUCTUBE. 

When  we  consider  the  relation  of  watercourses  to  the  structure  of 
the  rocks,  the  streams  of  the  region  are  divisible  into  two  classes — 
those  whose  courses  seem  to  have  been  determined  by  the  structure 
of  the  underlying  rocks,  and  those  whose  courses  are  independent  of 
rock  structure. 

Goneeqtient  streams. — ^To  the  first  class,  which  are  technically  desig- 
nated consequent  streams,  belong  the  majority  of  the  smaller  streams 
of  the  region.  The  creek  draining  Willow  Springs,  for  example, 
and  that  flowing  from  the  Clerf  Spring,  flow  down  pitching  struc- 
tural troughs  or  synclines.  Another  large  class  of  small  streams  or 
channels  seem  to  have  been  located  by  water  flowing  down  a  struc- 
tural slope.  Examples  of  canyons  originating  in  such  a  manner  are 
afforded  by  the  gulches  draining  Table  Mountain  and  Saddle  Ridge. 

Antecedent  streams. — ^The  most  striking  examples  of  the  second 
class  of  streams  are  Columbia  and  Yakima  rivers,  which  in  several 
instances  cut  squarely  across  great  structural  arches  in  the  basalt. 
The  Yakima  leaves  Kittitas  Valley  not  by  the  lowest  portion  of  its 
rim,  but  by  a  deep  gorge  cut  across  Manastash  and  Umptanum  ridges. 
Lower  in  its  course  it  cuts  other  anticlinal  ridges  lying  outside  the 
area  of  this  survey.  Columbia  River  in  like  manner  cuts  across  Sad- 
dle Ridge  in  a  direction  at  right  angles  to  its  crest  line.  Another 
instance  is  furnished  by  Moses  Coulee,  which  has  cut  its  way  through 
the  Badger  Mountain  uplift  without  regard  to  structure,  forming  a 
canyon  whose  size  is  especially  remarkable  when  we  consider  that  for 
ages  it  has  not  contained  a  perennial  stream. 

The  formation  of  the  gorges  thus  briefly  described  can  be  explained 
only  on  the  supposition  that  the  streams  which  formed  them  are 
antecedent  to  the  structure,  or,  in  other  words,  that  their  courses 
were  established  before  the  upfolding  of  the  basalt  and  Ellensburg 
beds  began  and  were  maintained  throughout  its  progress.  The  arches 
were  raised  up  against  the  down-cutting  rivers  as  a  log  is  pushed 
against  a  whirling  saw.  The  uplift  must  have  been  in  general  an 
extremely  slow  process,  since  in  most  cases  there  is  no  evidence  to 
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indicate  that  the  rivers  were  ponded,  as  they  would  have  been  if  tlie 
rise  had  been  so  rapid  that  they  failed  to  maintain  their  courses. 
The  sudden  uplift  of  Saddle  Mountain  would  have  deflected  the 
Columbia  and  caused  it  to  find  an  outlet  over  the  lowest  point  in  the 
dam,  far  to  the  east  of  the  gate  it  actually  made  for  itself.  There  is 
some  reason  to  suspect,  however,  that  the  river  was  deflected  by  th** 
next  uplift  athwart  its  course,  and  the  eastward  bend  at  the  foot  of 
Priest  Rapids  may  have  been  due  to  the  inability  of  the  river  to  eui 
down  against  the  rising  ridge  along  whose  face  it  flows  for  many  niile> 
below,  to  clear  its  lower  end  in  the  great  sweep  to  the  east  inclosed  on 
the  left  by  the  White  Bluffs. 

The  three  examples  cited  are  not  the  only  antecedent  streams  in  the 
region.  Crab  Creek  crosses  an  anticlinal  arch  of  slight  elevation 
l)elow  Moseys  Jjake,  while  its  course  along  the  western  portion  of  Sad- 
dle Ridge  was  not  determined  by  structure.  If  the  writer  is  corrni 
in  discrediting  the  hypothesis  that  the  cliff  in  that  locality  is  a  fault 
scarp,  the  antecedent  character  of  Crab  Creek  may  \ye  taken  a^ 
explaining  its  origin,  according  to  Professor  Russell's  hypothesis, 
cited  on  page  39. 

ORIGIN   OF   COULEES. 

The  topographic  character  of  the  coulees  in  the  wheat  lands  proves 
that  they  have  bei^n  produced  by  stream  erosion  It  is,  however.  |x*r- 
fectly  obvious  that  they  could  not  have  l)een  eroded,  no  matter  how 
much  time  were  allowed  for  the  process,  during  the  existence  of  the 
present  arid  climate.  A  few  of  the  coulees  have  streams,  i>erennial 
though  insignificant  in  comparison  with  the  canyons  they  occupy,  bui 
the  majority  never  contain  continuous  surface  streams,  even  in  the 
rainy  seiison.  It  is  necessjiry  to  suppose  that  the  coulees  wen*  enxl*^! 
in  a  time  long  past,  when  the  region  had  a  fairly  abundant  rainfalL 
The  causes  which  determined  the  formation  of  the  Grand  Coulee  w«*n-. 
however,  exceptional,  and  will  be  discussed  later. 

TERBACES    AND    GBAVEL    DEPOSITS. 

In  the  formation  of  their  canyons  the  streams  did  not  cnt  dowr. 
steadily  and  without  stopping.  The  task  was  accomplished  in  a  some- 
what spasmodic  fashion,  with  alternating  periods,  during  some  ♦•' 
wliicli  the  streams  were  occupied  in  sinking  channels  into  hed  ro*'k. 
while  in  others  they  were  occupied  in  filling  with  gravel  those  alrea*'} 
cut.  Thes(»,  episodes  in  the  history  of  the  streams  are  recorded  in  x\.' 
terraces  and  gravel  deposits  of  the  stream  canyons. 

Terraces  of  well-rounded  basalt  gravel  are  found  along  all  thf 
coulees  of  the  wheat  lands,  such  material  l)eing  esjxicially  well  expovJ 
near  C'onnell.  Similar  deposits  are  extensively  developed  near  Coulee- 
City  and  east  of  middle  Crab  Creek  and  of  the  foot  of  Moses  T^ke. 
Gravel  terraces  are  found  at  high  levels  along  Columbia  River,  the 
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Iwst  exain2)lcs  occurring  below  Priest  Rapids  and  in  the  gorge  along 
the  foot  of  Saddle  Mountain.  (Jreat  volumes  of  gravel  underlie  the 
central  portion  of  Kittitas  Valley  and  are  well  exposed  in  section  on 
the  banks  of  Yakima  River. 

Ancient  gravels  are  found  not  only  in  the  terraces  above  the  present 
stivam  levels,  but  underlie  the  existing  stream  beds  in  many  cases  to 
t'onsiderable  depths.  At  Connell  records  of  well  borings  have  shown 
that  the  bed  of  the  coulee  is  filled  with  gravel  to  the  depth  of  at  least 
180  feet.  Great  depths  of  gravel  are  also  found  in  borings  along 
other  coulees.  The  Columbia  flows  on  gravel  through  the  greater 
portion  of  its  channel,  but  has  reached  bed  rock  at  Priest  Rapids  and 
perhaps  also  at  Coyote  Rapids. 

The  history  to  l)e  read  from  these  gravel  deposits  is  briefly  as  fol- 
lows: (1)  There  was  a  period  during  which  the  streams,  actively  cut- 
ting downward,  carved  a  svstem  of  canycms  in  bed  rock  deeper  than 
those  which  exist  at  present;  (2)  a  period  succeeded  during  which  the 
^treams  were  overloaded  with  gnivel  and  filled  up  their  bed-rock 
channels  to  dei:)ths  attaining,  in  the  case  of  the  Columbia,  at  least  300 
feet;  (3)  there  was  a  second  period  of  down  cutting,  in  which  the 
streams  cleared  out  the  gravel  from  their  bed-rock  channels  to  a 
greater  or  less  extent ;  temporary  halts  in  the  process  of  down  cutting 
are  marked  by  the  lower  terraces;  (4)  the  large  and  numerous 
streams  that  carved  the  canyons  dwindled  IxHmuse  of  the  arrival  of 
the  present  arid  climate,  and  the  down  cutting  into  the  gravel  de- 
posits practically  ceased  except  in  the  cases  of  Columbia  and  Yakima 
rivers. 

The  gravel  deposits  of  the  region  are  not  only  of  scientific  but  also 
of  economic  interest,  as  the  surface  wells  of  the  region  are  mainly 
located  in  the  gravels  on  the  valley  and  coulee  bottoms. 

GLACIAL   HISTORY. 

There  was  a  period,  recent  as  time  is  measured  by  the  geologist,  but 
long  before  the  beginning  of  human  history,  when  the  valleys  of  the 
northern  Cascades  and  of  the  Okanogan  highlands  were  filled  with 
immense  glaciers,  the  largest  of  which  reached  the  plains  before  they 
were  melted  in  the  warmer  air  of  the  lower  country. 

The  greatest  ice  river  of  eastern  Washington  flowed  down  the 
Okanogan  Valley,  which  it  filled  to  a  depth  of  several  hundred  feet. 
Upon  reaching  Columbia  River  Valley  this  glacier  expanded.  It 
seems  not  only  to  have  dammed  the  Columbia,  but  to  have  filled  its 
profound  canyon  down  to  the  outlet  of  Lake  Chelan,  and  to  have 
spread  out  over  the  plateau  embraced  by  the  Big  Bend  for  about  35 
miles  to  the  east  of  this  point.  The  southern  limit  of  the  Okanogan 
glacier  is  marked,  according  to  Salisbury,"  by  a  terminal  moraine 

«  Salisbury,  B.  D.,  Jour.  Geol.,  vol.  9,  1901,  p.  721. 
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extending  from  Chelan  Falls  to  a  point  about  5  miles  north  of  Coulee 
City,  in  a  great  curve  convex  to  the  south. 

The  eastern  end  of  this  moraine  was  seen  in  the  course  of  this  inves- 
tigation. It  is  a  low  ridge  or,  more  exactly,  a  slightly  elevated  hum- 
mocky  zone  formed  of  material  pushed  up  in  front  of  the  advancing 
glacier  or  carried  on  its  surface  and  stranded  where  the  ice  melted. 
Borne  thus  upon  the  southward-moving  ice  were  many  huge  blocks 
of  basalt  and  fewer  of  granite.  Some  of  these  were  stranded  upon 
the  moraine,  and  many  are  to  be  seen  on  the  plateau  in  the  vicinity 
of  St.  Andrew.  One  of  them,  an  enormous  block  of  basalt,  stands 
near  the  brink  of  the  Grand  Coulee  and  is  a  striking  landmark  visible 
for  many  miles.  In  early  days  it  served  to  guide  travelers  from  the 
east,  and  was  generally  known  as  Pilot  Rock.  Other  large  bowlders 
are  strewn  upon  the  terraces  at  Coulee  City  and  Ephrata,  and  seem 
to  have  been  dropped  from  icebergs  that  broke  from  the  glacier  front 
and  floated  for  some  distance  southward  on  the  stream  which  then 
filled  the  Grand  Coulee. 

While  the  Columbia  was  dammed  by  the  Okanogan  glacier  it 
flowed  along  its  western  side  southward  into  Crab  Creek  Valley, 
which  was  probably  eroded  to  a  considerable  depth  before  this  time. 
During  the  existence  of  the  ice  dam  the  Grand  Coulee  was  carved, 
lower  and  middle  Crab  Creek  Valley  was  much  enlarged,  and  exten- 
sive deposits  of  gravel  were  laid  down  about  Ephrata  and  Moses 
Lake.  When  the  glacier  retreated  up  Okanogan  Valley  the  Colum- 
bia resumed  its  former  channel. 

WIND   WORK. 

Under  the  arid 'conditions  that  have  prevailed  in  historic  time 
water  erosion  has  had  comparatively  little  effect  in  modifying  the 
general  surface  of  the  land.  Various  conditions,  however,  have 
enabled  the  wind  to  do  considerable  transportation;  the  air  currents, 
which  have  a  prevailing  southerly  direction,  are  strong  and  frequent, 
while  the  soil  is  dry  and  loose  textured,  and  is  but  slightly  protected 
by  the  meager  growth  of  grass  and  shrubbery. 

SAND  DUNES. 

The  most  striking  evidences  of  wind  work  occur  in  the  sandy 
region  that  borders  the  Columbia,  where  groups  of  sand  dunes  of 
very  perfect  form  are  to  be  seen.  They  exhibit  the  characteristic 
wave-like  profile,  their  steep  sides  constantly  facing  in  the  north  or 
leeward  direction,  and  the  process  of  their  growth  and  shifting  is 
to  be  seen  on  any  windy  day.  Other  sand  dunes  of  remarkable  size 
and  extent  are  to  be  seen  below  Moses  Lake,  which,  as  before 
remarked,  owes  its  existence  to  them.  Liow  hillocks,  built  up  mainly 
by  wind  action,  are  also  to  be  seen  on  the  plain  south  of  Saddle 
Mountain,  but  the  dune  form  in  these  is  not  so  pronounced  as  in  the 
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ones  previously  mentioned,  probably  because  of  the  vegetation  that 
has  found  a  foothold  upon  them  and  allows  the  sand  to  move  less 
freely. 

BOILS  OF  THE  WHEAT  LANDS. 

In  the  wheat  lands  also  the  wind  has  given  the  final  touches  in  the 
molding  of  the  surface.  The  minor  branches  of  the  dry  coulees, 
<!arved  originally  from  basalt,  have  had  their  once  rugged  sides  man- 
tled with  fine  wind-blown  soil,  which  conceals  the  bed  rock  except  in 
widely  separated  exposures.  That  the  soil  mantling  the  slopes  of  the 
coulees  has  been  laid  down  by  wind  seems  obvious.  The  present 
writer  further  believes  that  the  thick  soil  of  the  wheat  lands  also  is 
mainly  wind  deposited,  or  eolian.  It  has  been  assumed  by  most 
writers  who  have  touched  upon  the  subject  that  the  typical  wheat 
soil  of  the  Columbia  Plains  is  residuary,  derived  from  the  decompo- 
sition of  the  underlying  basalt.  Professor  Russell,  however,  is  the 
only  geologist  who  has  supported  the  residuary  hypothesis  by  ex- 
tended argument.  In  his  report  on  southeastern  Washington  he 
advocates  the  view  that  the  wheat  soils  are  essentially  residual,  but 
superficially  modified  by  wind  action."  In  his  later  description  of 
the  Nez  Perces  region  in  Idaho  he  reaffirms  the  views  expressed  in  the 
earlier  paper,  and  applies  the  theory  of  residuary  origin  to  the  wheat 
soils  of  Idaho.*  The  writer's  observations  in  east-central  Washing- 
ton have  led  him  to  believe  that  the  wheat  soils  are  not  residuary,  but 
wind  deposits.  This  belief  is  based  primarily  on  the  following  facts 
observed  in  the  field : 

(1)  The  thickness  of  the  wheat  soils,  as  shown  by  well  records, 
varies  according  to  location  from  50  feet  to  a  minimum  probably 
averaging  something  like  25  feet.  They  mantle  completely  most  of 
the  broad  plateau  surface  and  the  gentle  slopes,  often  concealing  the 
bed  rock  in  the  smaller  gullies  for  many  miles.  The  greatest  thick- 
nesses, however,  seem  generally  to  be  on  the  brows  of  slopes,  where 
there  are  the  most  favorable  opportunities  for  accumulation  of  wind- 
blown material. 

(2)  The  physical  properties  of  the  wheat  soils  are  highly  character- 
istic and  remarkably  uniform.  In  texture  they  are  fine  loams,  very 
light,  open,  and  friable. 

(8)  Their  prevailing  color  is  a  light  tawny  brown,  varying  accord- 
ing to  the  amount  of  organic  matter  present,  but  conspicuously  in 
contrast  to  the  deep  red  tints  which  one  would  expect  in  a  soil  derived 
from  the  decomposition  of  a  rock  so  rich  in  iron  oxides  as  basalt. 

(4)  When  exposed  in  vertical  sections  the  wheat  soil  is  seen  to  pre- 
serve its  surface  characters  with  remarkable  constancy  down  to  the 

*  Russell p  1.  Cm  Reconnaissance  In  southeastern  Wasbington:  Water-Sup.  and  Irr.  Paper 
No.  4,  U.  S.  Geol.  Survey,  1897,  pp.  60-64. 

*  Russell,  I.  C,  Geology  and  water  resources  of  Nez  Perces  County,  Idaho:  Water-Sup. 
and  Irr.  Paper  No.  68,  U.  S.  Geol.  Survey,  1901,  pp.  44-48. 
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solid  basalt  beneath.    There  is  rarely  any  lamination  perceptible, 
such  as  would  suggest  deposition  by  water. 

(5)  In  all  sections  observed  by  the  writer,  moreover,  the  divisi«i 
between  the  basalt  and  the  tawny  loam  is  sharp,  without  any  transi- 
tion from  fresh  rock,  through  decomposed  rock  and  soil  with  rock 
particles,  such  as  would  be  expected  were  the  soil  r^iduary. 

The  sharp  definition  between  soil  and  basalt  seems  absolutely  to 
forbid  the  belief  that  the  soil  is  residuary  in  the  strict  sense — thsii  i>. 
resting  in  the  place  of  its  formation.  It  must,  therefore,  be  a  t^an^- 
ported  soil.  The  absence  of  lamination  in  the  soil,  tlie  fineness  of  iL< 
texture,  and  the  absence  of  any  particles  so  large  as  to  be  incapable 
of  wind  transjjortation  seem  almost  to  demonstrate  that  the  agency 
concerned  in  its  deposition  was  wind.  Granting  this  much,  however, 
it  might  still  be  argued  that  the  material  was  derived  from  the 
decomposition  of  basalt  and  only  slightly  removed  from  its  source. 
But  the  wheat  soil's  evident  poverty  in  iix)n  oxide,  and  it«  freedom 
from  any  recognizable  particles  of  basalt,  are  facts  which  strike  tht* 
observer  in  the  field  as  discordant  with  such  a  supposition,  and  the 
results  of  detailed  chemical  analyses  give  additional  evidence  in  the 
same  direction. 

Comparative  analyses. — There  are  on  record  many  analyses  of  the 
wheat  soils  of  the  Cohnnbia  Plains,  made  in  the  agricultural  ex|3eri- 
ment  stations  of  Washington  and  Idaho.  It  appears,  however,  that 
they  arc  generally  analyses  merely  of  the  portion  soluble  in  hydro- 
chloric acid,  and  while  they  may  serve  (he  purpose  for  which  they 
were  made  they  do  not  give  the  true  chemical  composition  of  tlie 
samples  and  throw  but  little  light  on  the  question  of  their  origin. 
Partial  analysers  of  basalt  and  of  the  overlying  soil  from  Dayton, 
Wavsh.,  have  Ixien  made  by  Dr.  (J.  P.  Merrill  and  are  published  by 
Professor  Russell,"  but  the  soil  analysis  diffei's  so  markedly  from  all 
those  emanating  from  the  experiment  stations  as  to  throw  increased 
doubt  upon  their  availability. 

In  vicAV  of  these  facts  analvses  were  made  in  the  chemical  labora- 
tory  of  the  Geological  Survey  of  a  typical  wheat  soil  and  of  an 
undoubtedly  residuary  soil.  The  following  tables  are  designed  to 
facilitate  the  consideration  of  the  available  chemical  evidence  bearing 
on  the  origin  of  the  wheat  soils.  In  Table  A  the  results  of  the  last- 
mentioned  analyses  are  exhibited  side  by  side  with  an  analysis  of 
basalt  similar  to  that  underlying  the  wheat  lands  from  the  Mount 
Stuart,  Washington,  quadrangle.  In  Table  B  the  analyses  given  in 
the  first  table  are  presented  in  a  condensed  form  for  more  ready  com- 
parison with  the  analysas  given  by  Professor  Russell. 

•  Russell,  I.  C,  Reconnaissance  In  southeastern  Washington  :  Water-Sup.  and  Irr.  Paper 
No.  4,  U.  S.  Geol.  Survey.  1 897,  p.  61 ;  and  Geology  and  water  resources  of  N«i  Percea 
County t  Idaho :  Water-Sup.  and  Irr.  Paper  No.  53,  U.  S.  Geol.  Survey,  IIK)!,  p.  44. 
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TA.BIJE  A. — Analyses  of  basaU,  residuary  soiL  and  wheat  soil  made  in  Geological 

Survey  laboratory. 


SiO, 

Fe,0,     

FeO 

MgO 

CaO  .     

Na,0 

K,0 

H,Oat  105.- 
H,0  above  105 
TiO, .. 

C  .     .    

Total 


I. 

54.50 
14.43 
2.17 
8.80  ^ 
4.24  ' 
8.01 
3.05  ! 
1.29 
.29 
1.09 
1.69  I 
.21 
I 


n. 


52.95 
15.69 

-011.85 


m. 


99. 77       99. 72 


65.43 
13.96 

«5.35 


2.05 

1.54 

4.40 

2.90 

2.09 

2.42 

1.11 

2.08 

2.19 

2.32 

4.01 

2.42 

2.57 

.87 

.19 

.20 

.68 

.49 

vV.  vO 


•  Ooinprlses  all  Iron  uxldc  reckoned  as  FejOa. 

I.  Basalt,  Mount  Stuart  quadrangle ;  HiHebrand,  analyst ;  contains  also  small 
quantities  of  SO  3,  MnO,  BaO,  and  SrO,  aggregating  0.36  per  cent. 

II.  Residuary  soil,  Hanson  Creek;  Steiger,  analyst. 

III.  Virgin  soil  (surface),  south  of  Krupp,  Wash.;  Steiger,  analyst. 

Tablje  B. — Analyses  of  Table  A  (condensed)  compared  with  analysis  given  by 

Professor  Russell. 


I. 
47.35 

.11. 

III. 

IV. 

V. 

SiO, 

54.40 

52.95 

65.43 

63.68 

A1,0. - 

Fe  A .  etc  .  

|a  34.38 

«28.28 

«30.30 

«20.88 

0  22.36 

MgO 

4.48 

4.24 

2.04 

1.54 

1.82 

CaO 

8.27 
2.55 

8.01 
3.05 

4.40 
2.09 

2.90 
2.42 

2.76 

Na,0 

2.02 

KjO 

1.33 

1.29 

1.11 

2.08 

2.27 

Ignition 

.95 

1.38 

6.83 

5.23 

4.37 

Total - 

99.26 

100.75 

99.72 

99.98 

99.33 

a  Comprises  all  iron  oxide  reckoned  as  FeoOs,  plus  the  PfOs  and  TiO|. 

I.  Basalt ;  Merrill,  analyst ;  given  by  Russell. 

II.  Basalt,  Mount  Stuart  quadrangle;  Ilillebrand,  analyst. 
HI.  Residuary  soil,  Hanson  Creek ;  Steiger,  analyst. 

IV.  Virgin  soil  (surface),  south  of  Krupp;  Steiger,  analyst. 

V.  Surface  soil,  wheat  field  near  Dayton,  Wash.;  Merrill,  analyst;  given  by 
Russell. 
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Upon  comparison  of  the  analyses  in  Table  B  it  is  evident  that  i  and 
n  are  very  similar,  and  in  view  of  the  fact  that  the  basalts  of  the 
Yakima  series  do  not  vary  widely  in  petrographic  character,  analysis 
I  in  Table  A  may  be  taken  as  sufficiently  representative  of  the  basalt 
series  for  the  present  purpose.  The  similarity  also  of  the  soil  analy- 
ses IV  and  V  is  astonishingly  close  and  strongly  suggests  that  the  two 
soils  are  of  the  same  nature.  Comparison  of  the  analyses  in  Table  A 
should  therefore  give  some  valid  evidence  in  regard  to  the  genei:al 
question  of  the  origin  of  the  wheat  soils. 

A  mere  glance  at  the  table  shows  a  general  similarity  between  i  and 
n  and  a  general  dissimilarity  of  m  from  either  of  the  others.  When 
we  proceed  to  more  detailed  comparison  of  the  proportions  of  the 
various  oxides,  the  most  significant  facts  brought  out  seem  to  be  the 
following: 

(1)  The  alumina  in  in  is  slightly  less  than  in  i  and  n. 

(2)  The  iron  oxides  are  about  equal  in  i  and  ii,  but  are  much  le^^ 
abundant  in  m. 

(3)  The  alkalies  in  n  show,  as  compared  with  i,  a  notable  decrea^. 
relatively  greater  in  the  case  of  potash;  iii  contains  little  less  soda 
than  I  and  more  than  n,  while  the  potash  is  60  per  cent  more  abun- 
dant than  in  i. 

Kesiduary  soils  generally  show,  as  compared  with  the  parent  rocfc? 
from  the  decomposition  of  which  they  are  derived : 

(1)  Increase  in  the  proportion  of  alumina.  In  calculating  the  per- 
centage of  each  constituent  lost  in  the  process  of  decomposition  the 
alumina  is  generally  assumed  to  remain  constant. 

(2)  Equally  or  more  abundant  iron  oxide,  except  where  organic 
matter  is  present  and  reduces  the  iron  to  the  soluble  protoxide. 
There  is  no  evidence,  however,  that  the  conditions  in  this  region  ever 
favored  the  removal  of  iron  oxides  by  leaching. 

(3)  Greatly  decreased  percentage  of  alkalies,  which  are  the  most 
soluble  constituents  of  the  rock. 

It  is  sufficiently  obvious  that  the  differences  between  the  wheat  soil 
and  the  underlying  basalt  are  not  only  considerable,  but,  what  is 
much  more  significant,  are  not  of  the  character  naturally  to  be  ex- 
pected if  the  wheat  soil  were  derived  from  the  basalt.  The  discrep- 
ancies between  the  facts  of  the  case  in  point,  on  the  one  hand,  and 
the  usual  results  of  weathering,  on  the  other,  if  they  do  not  quite 
invalidate  the  residuary  theory,  at  least  require  explanation.  In  the 
writer's  opinion,  the  chemical  data  available  appear  to  agree  with  the 
field  observations  in  supporting  the  theory  that  the  soils  in  question 
were  not  derived  from  the  decomposition  of  the  basalt. 

Transporting  power  of  the  wind. — ^The  competency  of  the  wind  as 
a  transporting  agent  must  be  considered,  however,  in  judging  of  the 
validitv  of  the  theorv  here  advanced.    That  wind  is,  in  the  C!olumbia 
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Plains,  a  transporting  agent  of  importance  is  a  fact  which  must  im- 
press anyone  who  travels  through  the  region.  Winds  of  prevailing 
southerly  direction  blow  with  strength  and  frequency,  while  the  soil 
is  but  very  imperfectly  protected  from  them  by  vegetation.  Blind- 
ing dust  stonns  are  by  no  means  rare,  and  clouds  of  fine  dust  envelop 
every  traveler  who  drives  along  the  roads.  On  the  whole,  there 
appears  no  reason  to  doubt  that  the  wind  is  capable  of  doing  the  work 
assigned  to  it  under  the  hypothesis  here  advanced. 

Source  of  the  soil, — ^The  argument,  however,  would  not  be  complete 
^'ithout  suggesting  a  source  for  the  material  if  we  reject  the  supposi- 
tion that  it  was  mostly  derived  from  basalt.  The  writer  believes  that 
the  principal  source  lies  in  the  desert  southwestern  quarter  of  the 
Columbia  Plains,  where  the  basalt  is  overlain  by  the  soft  sedimentary 
beds  of  the  EUensburg  formation.  This  material  is  thought  to  have 
been  washed  down  and  loosened  by  the  agency  of  water,  and  thus  put 
in  such  form  that  it  might  readily  be  transported  by  wind. 

HYDROIiOGY. 

INTRODUCTORY  STATEMENT. 

The  remainder  of  this  paper  is  devoted  to  the  consideration  of 
water  supply  proper.  The  various  kinds  of  water  resources  will  be 
described  and  their  availability  considered,  and  the  attempt  will  be 
made  to  show  how  the  water  supply  of  the  region  may  be  increased. 
The  sources  of  supply  available  in  the  region  are  streams,  springs, 
and  wells,  which  will  be  considered  in  the  order  named.  The  first 
two  classes  of  water  resources  will  be  treated  rather  briefly,  but  the 
wells,  being  more  important,  will  be  discussed  more  fully. 

The  wells  may  be  divided  into  two  classes — ^first,  surface  wells, 
generally  dug  by  hand  in  loose  materials  like  soil,  sand,  and 
gravel,  lying  on  the  surface  of  the  bed  rock ;  second,  deep  wells,  in- 
cluding those  in  which  the  underlying  older  rocks  are  penetrated, 
generally  by  means  of  a  dril,  to  a  considerable  depth.  Surface  wells 
derive  their  supplies  from  rain  or  snow  that  falls  in  their  immediate 
vicinity  and  percolates  downward  until  some  impervious  material  is 
reached,  while  deep  wells  generally  tap  beds  of  porous  rock  saturated 
with  water  that  has  been  absorbed  at  some  distant  outcrop  and  has 
traveled  underground  often  for  great  distances. 

The  most  important  question  dealt  with  in  this  paper  is  that  of  the 
capabilities  of  deep  wells,  one  of  the  principal  objects  of  the  investi- 
gation having  been  to  determine  whether  in  any  part  of  the  region 
examined  deep  wells  could  be  made  to  yield  art^ian  flows.  In  dis- 
cussing this  problem  a  number  of  districts  may  be  marked  out,  in 
each  of  which  the  conditions  affecting  the  deep  underground  waters 
are  similar.    For  each  of  these  districts  the  artesian  conditions  will 
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first  be  discussed  from  the  theoretical  standpoint;  the  evideiuv 
afforded  by  the  wells  actually  sunk  will  then  be  presented,  and  con- 
clusions will  be  drawn  in  regard  to  the  probability  of  obtaininor  sur- 
face flows.  Suggestions  will  next  be  presented  with  a  view  to  direct- 
ing intelligent  tests  for  artesian  water  and  to  economically  usint: 
all  the  water  obtainable.  The  paper  will  end  with  a  brief  recapitula- 
tion of  the  important  conchisions  and  suggestions  in  regard  to  dftp 
wells. 

The  preceding  portions  of  this  paper  have  been  designed  mainly 
to  serve  as  an  introduction  to  the  portion  on  hydrology  proper,  as  the 
discussion  of  the  artesian  problems  will  involve  frequent  reference  in 
the  facts  regarding  the  character  and  structure  of  the  rocks  under- 
lying the  region. 

STREAMS. 

COLUMBIA    PLAINS. 
CKAB  CREEK. 

From  the  fact  that  the  vallev  of  Crab  Creek  was  eroded  bv  a  inu(»h 
larger  stream  than  occupies  it  at  present  it  has  resulted  that  tlu* 
existing  stream  has  been  unable  to  maintain  a  graded  channel.  Cer- 
tain irregularities  in  the  ancient  channel  and  modifications  produce*! 
by  the  drifting  in  of  sand  and  silt  have  been  sufficient  to  cause  pou'I 
ing  in  certain  localities,  with  the  consequent  formation  of  marslie>, 
and  in  some  cases  the  water  of  the  creek  vanishes  during  at  least  a 
part  of  the  dry  season  beneath  porous  surface  deposits,  to  reappejar  in 
full  force  at  a  lower  point. 

The  meadows  used  for  the  growing  of  hay  and  as  pasture  are  gen- 
erally sufficient!}'  watered  by  the  underflow  of  Crab  Creek,  but  in 
certain  localities  ditches  have  been  constructed  to  water  portions  of 
the  bottom  too  high  to  utilize  the  underflowage. 

On  the  other  hand,  some  considerable  areas  of  marshy  land  have 
been  or  are  being  reclaimed  by  drainage,  a  notable  instance  being 
afforded  by  the  marshy  tract  extending  from  Krupp  to  Wilson 
Creek.  This  is  being  gradually  drained,  and  a  large  amount  of 
certain  localities  ditches  have  been  constructed  to  water  portions  of 
the  bottom  too  high  to  utilize  the  underflowage. 


COLUMBIA   BIV£R. 


The  use  now  made  of  Columbia  River  water,  in  its  course  througli 
this  region,  is  comparatively  insignificant.  A  small  amount  of  water 
is  raised  by  water  wheels,  three  or  four  of  which  are  situated  on 
the  right  bank  of  the  Columbia  below  Priest  Rapids.  The  avail- 
ability of  this  method  is  limited  by  the  comparatively  small  amotint 
of  land  low  enough  to  be  watered  by  such  means.     In  only  one 
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instance  is  any  other  means  of  irrigation  used.  This  is  in  the  case 
of  the  Bahcock  ranch,  near  Trinidad,  where  one  of  the  lower  ter- 
races has  Ix^conie  the  site  of  a  hay  ranch,  which  is  imgated  success- 
I'lilly  by  means  of  a  gasoline  pump  and  a  number  of  windmills. 

It  is  natural  for  the  traveler  in  this  region  to  be  disappointed  at  the 
sliorht  utilization  of  Columbia  River  water  and  to  inquire  into  the 
possibility  of  bringing  more  of  it  upon  the  bordering  arid  lands, 
t»specially  the  extensive  tract  between  the  8addle  Mountains  and  the 
<^asterly  stretch  of  the  Columbia,  the  general  elevation  of  this  tract 
l)eing  about  300  to  400  feet  above  the  Columbia  at  Sentinel  Bluffs. 

Two  possible  methods  of  accomplishing  this  suggest  themselves. 
The  first  involves  the  construction  of  a  ditch  from  some  point  on  the 
upper  Columbia  or  on  some  tributary  of  the  Columbia.  This  idea, 
when  scrutinized,  offers  great  engineering  and  financial  difficulties. 
To  reach  a  point  on  the  Columbia  of  sufficient  elevation  would  neces- 
sitate the  construction  of  many  miles  of  flume  along  precipitous  por- 
tions of  the  river  gorge.  To  bring  water  from  one  of  the  tributaries 
flowing  into  the  Columbia  from  the  Cascade  Mountains  on  the  west 
would  involve  obstacles  which,  if  less  serious  than  those  presented  by 
the  first-mentioned  plan,  would  still  be  extremely  formidable. 

The  second  apparently  possible  method  is  to  raise  the  water  from 
the  Columbia  by  pumping,  obtaining  the  power  by  utilizing  the  con- 
siderable fall  of  the  river  through  Priest  Rapids.  The  practicabil- 
ity of  such  a  scheme  must  be  determined  by  experienced  engineers 
after  examination  of  the  ground,  and  the  suggestion  is  made  here  only 
t4?ntativelv. 

It  is  said  that  surveys  were  once  made  for  a  ditch  to  head  at  Senti- 
nel Bluffs,  with  the  hope  of  irrigating  a  large  part  of  the  sandy  land 
l>elow  the  great  bench,  but  it  was  found  that  the  ditch  level  abutted 
against  the  escarpment  of  a  terrace  about  150  feet  above  the  river  and 
fairly  close  to  its  shore  at  a  point  a  few  miles  east  of  the  Harrison 
ranch.  The  project  was  therefore  abandoned,  as  it  was  considered 
that  the  small  area  of  land  irrigable  by  such  a  ditch  would  not  justify 
its  construction,  while  to  secure  an  increase  of  elevation  sufficient  to 
overcome  the  obstacle  mentioned  would  require  that  the  ditch  be 
l)egnn  above  the  Sentinel  Bluffs  and  far  up  the  rocky  gorge  north  of 
Crab  Creek. 

KTITITAS  VALLEY. 
YAKIMA  RIVER  AND  TRIBUTARIES. 

The  greater  part  of  the  arable  land  in  Kittitas  Valley  is  more  or 
less  efficiently  irrigated.  The  ditches  may  be  divided,  according  to 
the  source  from  which  they  derive  their  supply,  into  two  classes:  (1) 
those  leading  from  Yakima  River,  and  (2)  those  obtaining  water 
from  the  tributary  streams  that  head  in  the  mountains  to  the  west, 
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north,  and  east.  The  ditches  of  the  first  class  are  nearly  all  controlled 
by  corporations,  and  data  concerning  them  are  comparatively  aooesr- 
sible.  Those  of  the  second  class  .include  onlj'^  two  incorporated 
ditches  and  a  large  number  of  private  ditches,  concerning  which  it  i^ 
difficult  to  obtain  accurate  information. 

Canals  from  the  Yakima. — The  oldest  large  canal  on  Yakima  River 
is  that  known  as  the  EUensburg  ditch,  controlled  by  the  Ellensburi: 
Water  Company.  The  construction  of  this  ditch  was  begun  in  1S^"». 
and  the  greater  portion  of  it  was  completed  in  1887.  It  was  enlarged 
and  extended  3  miles  in  1892.  The  cooperative  plan  upon  which  th*^ 
controlling  corporation  was  organized  is  typical  for  the  EUensburs 
region. 

The  ditch  was  built  by  the  farmers  in  the  irrigation  district 
covered  by  the  ditch,  stock  in  the  corporation  being  given  in  payment 
for  the  labor  performed.  The  original  value  of  the  stock  w^as  placed 
at  $6  per  share,  of  which  8,000  were  issued.  The  ownership  of  each 
share  entitles  the  holder  to  one-half  a  miner's  inch  of  water.  The 
price  of  water  is  fixed  each  year  and  the  money  received  applied  to 
the  payment  of  current  expenses,  which  are  low,  and  to  the  liquida- 
tion of  indebtedness  incurred  in  the  construction  of  flumes.  The 
present  price  of  water  is  about  $1  per  inch,  or  50  cents  per  acre,  but 
it  is  expected,  after  the  indebtedness  is  cleared  off,  to  reduce  this  t4» 
about  50  to  70  cents  per  inch. 

The  intake  of  the  canal  is  at  a  point  on  Yakima  River  about  7 
miles  above  EUensburg.  It  sweeps  about  the  eastern  side  of  the  val- 
ley, doing  duty  for  most  of  its  entire  length  of  about  20  miles,  and 
terminates  at  a  point  about  5  miles  southeast  of  EUensburg.  It? 
fall  is  22  inches  to  the  mile.  The  total  area  irrigated  by  this  canal  is 
about  8,000  acres. 

The  Bull  canal  is  named  for  Walter  A.  Bull,  by  whom  it  was  first 
constructed  in  1885  for  the  irrigation  of  his  own  farm.  It  was  after- 
wards enlarged  and  used  by  a  score  of  farmers,  who  organized  a  o^r- 
poration,  to  which  the  water  rights  of  the  ditch  were  transferred  in 
1898.  The  plan  of  organization  was  cooperative,  and  similar  to  that 
of  the  EUensburg  Wat^r  Company.  There  are  50  shares  of  capital 
stock,  each  valued  at  $75  and  entitling  the  holder  to  20  inches  of 
water.  The  capacity  of  the  canal  is  thus  about  1,000  inches,  or  suffi- 
cient for  the  irrigation  of  some  2,000  acres.  The  charges  for  water 
are  extremely  low.  They  average  about  20  cents  per  inch  per  annum, 
and  attained  in  1898  the  merely  nominal  figure  of  5  cents  per  inch. 

The  water  is  taken  from  Yakima  River,  and  first  does  duty  in  sup- 
plying power  for  the  flour  mill  at  EUensburg.  From  the  tailrace  of 
the  mill  the  water  is  led  into  the  lower  part  of  Wilson  Creek  channel, 
and  this  natural  trench  is  made  to  serve  the  purposes  of  a  ditch. 

The  only  other  large  ditch  from  Yakima  River  is  that  of  the  West 


CAi^KiNs.]  STREAMS.  53 

J*^ide  Irrigation  Company,  which  begins  about  2  miles  above  Thorp 
a.nd  irrigates  about  7,000  acres  on  the  west  side  of  the  river.  It  has 
ix  capital  stock  of  $30,000,  divided  into  600  shares  of  $50  each.  A 
si>hare  entitles  its  holder  to  6  inches  of  water.  The  cost  of  mainte- 
nance is  about  $1,000  a  year,  or  about  35  cents  per  inch  of  water 
delivered. 

The  Cascade  Canal  Company  has  just  completed  a  canal  higher 
than  any  previously  constructed.  It  has  been  financed  locally  and  is 
to  be  operated  on  cooperative  principles.  The  intake  of  the  canal  is 
at  Dudley,  about  4  miles  above  Thorp,  and  its  total  length  is  about  42 
miles.  The  company  has  built  a  dam  across  the  outlet  of  Lake 
Kaches  that  will  raise  the  water  about  15  feet  above  low-water  mark. 
The  cost  of  the  canal  is  about  $125,000,  and  it  will  irrigate  about 
16,000  acres  of  land.  The  same  company  expects  to  construct  a 
higher  canal  in  the  near  future. 

Canals  from  tributaries  of  the  Yakima, — ^Of  the  canals  that  take 
water  from  the  mountain  streams,  only  two  are  incorporated.  These 
are  the  Taneum  and  the  Manastash  ditches,  named  from  the  streams 
from  which  they  derive  their  respective  supply.  They  are  among 
the  oldest  ditches  in  central  Washington,  both  having  been  constructed 
about  1875. 

The  larger  of  these  is  the  Taneum  ditch.  It  was  constructed  on  a 
cooperative  plan.  The  cost  of  construction  was  a  little  more  than 
$1,000,  and  the  corporation  was  capitalized  at  $2,000,  divided  into  40 
shares.  The  value  of  water  is  so  great,  however,  that  $500,  or  twenty 
times  the  par  value,  is  now  paid  for  a  single  share.  The  capacity  of 
this  ditch  at  high  water  is  about  5,000  inches,  but  the  supply  often 
becomes  deficient  in  late  summer. 

The  Manastash  ditch  irrigates  a  smaller  area  than  the  Taneum. 
Its  maximum  capacity  is  1,200  inches;  after  July  1  the  supply  is 
cut  down  to  half  this  amount.  The  capital  is  about  $1,500,  but  the 
actual  value  of  the  ditch  is  now  estimated  at  about  $25,000. 

In  addition  to  the  canals  above  described,  there  are  a  great  number 
of  private  ditches  taking  water  from  the  small  streams.  It  is  sup- 
posed that  the  total  acreage  irrigated  from  these  ditches  is  larger 
than  that  supplied  by  the  larger  incorporated  ditches.  However, 
those  who  are  dependent  on  the  supply  of  the  mountain  streams  often 
suffer  from  an  insufficiency  of  supply  in  the  latter  part  of  the  sum- 
mer, there  being  generally  no  more  than  enough  to  mature  grain  or 
a  single  crop  of  alfalfa. 

CONSERVATION   OF  THE   SUPPLY. 

For  the  amelioration  of  this  condition  it  is  to  be  hoped  that  storage 
reservoirs  in  the  mountain  canyons  may  be  constructed  at  some 
future  time,  so  that  the  abundant  run-off  of  the  rainy  months  can 
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be  stored  and  allowed  to  come  down  to  the  thirsty  valley  lands  m 
the  dry  season,  when  it  is  needed.  The  writer  is  unable  to  suggest 
any  sites  where  reservoirs  can  be  constructed  economically,  but  be- 
lieves that  future  necessity  may  stimulate  the  discovery  and  survey 
of  suitable  reservoir  sites. 

It  is  also  a  matter  of  the  highest  importance  to  make  certain  that 
the  means  supplied  by  nature  for  the  equalization  of  the  nm-off  bv 
the  storage  of  water  in  snow  banks  and  in  the  sponge-like  mantle  of 
humous  soil  and  rootlets  that  is  spread  over  the  shaded  forest  area> 
shall  be  preserved  to  the  fullest  possible  extent.  It  is  probable  that 
the  regulations  in  regard  to  the  pasturing  of  sheep  in  the  forest 
reserves  might  advantageously  be  made  more  stringent.  Greater 
pains  should  also  be  taken  to  prevent  the  spread  of  forest  fires  and 
to  secure  the  punishment  of  those  who  start  them.  There  can  Ije  no 
doubt  that  the  origin  of  a  great  number  of  forest  fires  is  traceable 
to  criminal  neglect,  if  not  to  the  deliberate  intention  of  those  whose 
interest  is  furthered  by  the  clearing  of  the  land.  There  is  much 
testimony  to  the  usefulness  of  the  foresters  in  checking  forest  fires, 
but  it  is  also  certain  that  the  present  force  is  inadequate  to  preveni 
immense  annual  destruction  under  existing  conditions. 

SPRINGS. 

In  the  early  days  of  the  settlement  of  the  arid  Columbia  Plains 
water  for  the  use  of  man  and  beast  was  almost  entirely  derived  from 
springs.  Even  up  to  the  present  time  many  families  are  entirely 
dependent  upon  springs  for  their  supply,  which  they  not  infrequently 
haul  for  many  miles  either  in  barrels  or  in  specially  constructed  tank 
wagons.  The  more  provident  farmers  have  cisterns  sufficiently  capa- 
cious to  contain  several  tank  loads,  and  are  thus  enabled  to  hold  a 
supply  in  reserve  to  tide  over  periods  when  time  can  not  be  spared  for 
hauling. 

The  springs  of  this  region  may  be  classified  as  surface,  canyon,  aiul 
fissure  springs.    The  great  majority  belong  to  the  first  two  clashes. 

SURFACE   SPRINGS. 

The  term  surface  springs  is  applied  here  to  springs  in  surface  de- 
posits overlying  the  basalt,  supplying  water  that  has  not  sunk  t(» 
any  considerable  depth.  These  in  many  cases  appear  to  be  forme<l 
by  the  gathering  of  surface  water  that  has  percolated  down  through 
the  soil  mantle  and,  flowing  slowly  over  the  underlying  surface  of 
comparatively  impermeable  rock,  has  become  concentrated  in  the 
stream  channels  that  furrow  its  surface.  The  water,  small  in  amount^ 
is  for  the  most  part  concealed  in  the  alluvium  and  the  wind-blown 
silt  with  which  these  channels  are  filled,  and  emerges  only  in  excep- 
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tionally  favorable  localities.  Springs  of  this  character  are  observed 
on  the  line  of  the  Northern  Pacific  at  Paha,  and  are  of  especial 
importance  on  the  slope  leading  from  Coulee  City  to  the  plateau 
northwest.  It  is  probable  that  at  this  locality  they  are  largely  in  the 
material  of  the  great  moraine  that  terminates  in  this  neighborhood. 
In  the  sloping  gullies  these  springs  are  numerous  enough  to  furnish 
the  domestic  supply  for  the  ranches  there  situated. 

• 

CANYON    SPRINOa. 

What  are  designated  canyon  springs  are  generally  situated  in 
the  walls  of  coulees.  In  genetic  character  they  do  not  differ  widely 
from  springs  of  the  first  class.  The  water  supplying  them  has  come 
from  no  great  distance.  In  some  cases  they  are  supplied  by  rain 
water  that  is  absorbed  by  the  soil  and  finds  its  way  slowly  through 
crevices  in  the  columnar  basalt  to  a  porous  layer  of  scoria  under- 
lain by  relatively  impervious  rock;  favored  by  a  slight  slope,  the 
water  then  flows  to  some  outlet  in  a  canyon  wall.  In  other  cases  it 
is  probable  that  much  of  the  supply  is  absorbed  at  another  edge  of 
the  water-bearing  stratum  exposed  on  the  slope  of  a  not  far-distant 
canyon  from  which  there  is  a  decided  dip  toward  the  spring.  Black 
Rock  Spring,  in  the  first  coulee  south  of  upper  Crab  Creek,  appears 
to  be  a  case  in  point.  The  water  there  rises,  apparently  under  slight 
pressure,  through  the  alluvium  at  the  base  of  the  northern  wall  of 
the  coulee.  At  Wilson  Creek,  on  Crab  Creek  just  north  of  this 
spring,  the  basalt  has  a  dip  of  5°  to  the  south,  and  it  is  possible 
that  some  water  falling  on  the  side  of  Crab  Creek  Canyon  finds  its 
way  to  Black  Rock  Spring. 

The  number  of  canyon  springs  observed  was  very  large.  In  the 
valley  of  Crab  Creek  near  Krupp  a  spring  in  a  small  gully  has 
been  improved  by  digging,  and  by  a  system  of  piping  has  been  made 
to  supply  excellent  wat^r  to  a  house  and  barnyard.  One  of  the 
most  important  springs  in  the  region  is  that  known  as  Skooten 
Spring,  which  is  situat-ed  near  the  eastern  end  of  Saddle  Mountain, 
and  supplies  a  small  pcmd  without  outlet,  and  consequently  strongly 
alkaline.  There  is  no  other  surface  water  within  some  15  miles,  and 
therefore  the  horses  that  graze  within  that  radius  resort  to  this  water- 
ing place  in  great  numbers. 

Professor  Russell  has  suggested  a  method  of  increasing  the  flow 
from  the  springs  that  issue  from  sedimentary  layers  in  the  basalt 
series  by  driving  horizontal  tunnels  in  the  water-bearing  strata.  No 
springs  improved  in  this  way  were  observed,  although  small  well- 
like pits  have  been  sunk  in  many  places.  It  is  probable  that  hori- 
zontal tunneling  might  be  employed  to  advantage  in  many  cases,  but 
the  springs  generally  seem  to  occur  in  comparatively  thin  layers  of 
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scoriae  or  cinders,  so  that  the  digging  of  a  tunnel  would  be  consider- 
ably retarded  by  the  resistance  of  hard  rock  above  and  below. 

There  is  a  water  prospect  of  peculiar  history  on  the  northeastern 
slope  of  Saddle  Mountain.  Tradition  has  it  that  the  sounds  of  rush- 
ing water  used  to  attract  the  attention  of  passers-by,  and  tunneling 
was  undertaken  in  the  hope  of  tapping  the  subterranean  stream. 
The  writer  visited  the  abandoned  and  cavcd-in  excavation,  whicli 
had  penetrated  only  the  mantle  of  soil  and  basalt  rubble,  but  coul'! 
not  detect  the  faintest  whisper  of  the  alleged  underground  current. 

FISSURE   SPRINGS. 

There  remain  to  be  described  two  very  large  springs,  one  of  which 
is  certainly  a  fissure  spring  from  a  deep  source,  while  the  other  is 
only  doubtfully  to  be  classed  as  a  fissure  spring.  The  first  of  these  i> 
Clerf  Spring,  in  Kittitas  Valley,  the  second  is  a  group  of  springs  on  a 
terrace  of  the  Cohunbia  overlooking  the  foot  of  Priest  Bapids. 

CLEBF   SPRING. 

The  salient  features  of  Clerf  Spring  have  been  mentioned  by  ilr. 
George  Otis  Smith.*  It  is  situated  at  the  side  of  a  small  canyon 
emptying  into  the  east  end  of  Kittitas  Valley.  The  natural  flow  ha? 
been  increased  about  fourfold  by  an  excavation  that  affords  a  gootl 
exposure  of  the  rocks  from  which  the  spring  issues.  Fine  shales  and  . 
shaly  sandstones  of  the  EUensburg  formation  here  rest  upon  the 
vesicular  surface  of  a  basalt  flow.  The  water  boils  up  from  the  bot- 
tom of  the  excavation,  which  has  j^enetrated  the  basalt  to  a  slight 
extent,  and  probably  emerges  from  crevices  in  the  rock  concealed  by 
fine  d6bris.  The  water  is  of  good  quality,  but  noticeably  warm,  the 
temperature  being  62°  F.  An  irrigating  ditcJi  leads  from  the  spring 
along  the  side  of  the  canyon  to  the  side  of  the  main  valley.  The  sup- 
ply from  this  fountain,  which  is  all  utilized  in  the  dry  season,  is 
estimated  to  be  about  120  miner's  inches. 

The  high  temperature  of  the  water  and  the  mode  of  its  emergence 
show  that  this  spring  is,  in  effect,  a  natural  artesian  well  and  that  its 
water  is  forced  up  by  hydrostatic  pressure  from  a  considerable 
depth.  The  facts  point  unmistakably  to  the  existence  in  this  vicinity 
of  conditions  favorable  to  obtaining  flowing  artesian  water.  An 
experiment  in  this  direction  has  been  made,  and  boring  has  been  begun 
within  a  few  rods  of  the  spring  in  the  hope  of  obtaining  an  additional 
supply  of  water.  The  well  has  been  carried  to  a  depth  of  about  40 
feet  in  the  basalt,  and  water  has  been  obtained  which,  on  a  test,  rose 
just  above  the  surface.    The 'drilling  was  done  with  poor  machinery 

•  Smith,  G.  O.,  Geology  and  water  resources  of  a  portion  of  Yakima  County,  Washing- 
ton :  Water-Sup.  and  Irr.  Paper  No.  55,  U.  S.  Geol.  Survey,  1901,  p.  46. 
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and  evidently  by  an  inexperienced  driller.  The  progress  in  the  solid 
basalt  is  said  to  have  generally  been  less  than  a  foot  a  day,  or  about 
one-sixth  of  the  rate  attained  by  experienced  drillers  in  the  wheat 
country.  The  well  was  finally  abandoned  and  has  caved  in  about  the 
top  so  as  to  be  at  present  useless. 

HARRISON    SPRINGS. 

At  the  southwest  extremity  of  the  arid  plain  that  stretches  south 
from  the  base  of  Saddle  Ridge  there  is  a  strip  of  land  about  3  miles 
long  by  one-half  mile  wide  which  is  green  with  a  luxuriant  growth  of 
swamp  hay.  On  the  border  of  this  oasis  there  are  clustered  a  group 
of  farm  buildings  and  corrals  and  a  strip  of  old  orchard,  flourishing 
and  bearing  abundantly.  A  large  force  of  fanners  and  cattle  men 
live  upon  the  place,  which  is  generally  known  as  the  Harrison  ranch. 

Along  a  line  in  the  central  part  of  the  hay  meadow  there  are  a 
number  of  small  ponds  bordered  with  tules  and  other  aquatic  plants. 
The  ponds  are  very  deep  in  proportion  to  their  small  area,  and  are 
perennially  supplied  from  beneath  with  living  water  colder  than  that 
of  the  river  and  of  good  quality.  The  overflow  originally  escaped  to 
the  river  from  both  ends  of  the  meadow,  but  since  the  east  end  is  now 
banked  by  a  sand  dune  the  escape  is  mainly  to  the  west,  where  it  falls 
over  the  terrace  in  a  stream  of  probably  several  hundred  miner's 
inches. 

In  its  original  state  the  area  now  occupied  by  this  oasis  was  a 
marshy  lake,  which  has  only  been  made  available  for  agriculture  by 
artificial  drainage.  Even  now  the  meadow  land  beneath  the  surface 
is  saturated  with  water  and  quakes  in  many  places  beneath  the  foot. 
It  is  therefore  unfit  for  growing  grain  or  alfalfa.  The  present  crop 
is  chiefly  of  wild  swamp  hay,  but  an  endeavor  is  being  made  to  im- 
prove the  quality  of  the  forage  by  gradually  supplanting  it  with 
domesticated  grasses.  The  crop  is  mainly  used  on  the  ranch  for  the 
winter  feeding  of  cattle  and  horses,  whose  summer  range  extends 
over  a  large  part  of  the  desert  to  the  north.  About  1,500  head  of 
stock  were  wintered  here  in  1901-2. 

The  wagte  of  the  large  surplus  of  water  from  these  springs,  in  a 
land  where  water  is  so  precious,  must  strike  anyone  as  a  thing  to  be 
regretted,  and  gives  rise  to  the  inquiry  whether  more  of  it  might  not 
l)e  used.  The  hope  of  this  does  not  appear  to  be  very  good.  The  strip 
of  land  between  the  meadow  and  the  river  is  not  in  general  more  than 
5  feet  above  the  springs,  and  might,  perhaps,  be  irrigated  readily  by 
windmills,  but  the  soil  is  very  gravelly  and  apparently  infertile,  so 
that  it  is  doubtful  whether  the  expense  of  irrigating  it  would  be 
repaid.  The  ranch  is  situated  on  the  lowest  terrace  above  the  actual 
flood  plain  of  the  river,  and  there  seems  to  be  little  or  no  land  that 
can  profitably  be  irrigated  from  the  springs  by  gravity  alone.    On  the 
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other  hand,  however,  it  appears  possible  to  extend  the  area  of  hav 
laiid  by  draining  some  of  the  broad  shallow  ponds  at  the  eastern  end 
of  the  meadows. 

The  geologic  conditions  which  give  rise  to  these  springs  can  iioi 
Iw  observed  directly,  for  the  be<l  rock  in  this  vicinity  is  mostly  con- 
cealed. A  few  small  outcrops  of  basalt  are  seen  north  of  the  oasi^ 
immI  this  rock  forinw  the  l)ed  of  the  river  at  Priest.  Rapids.  The  river- 
ward  escarpment  of  the  (errace  npon  which  the  springs  art'  situaKsl 


Pm.  2. — Sfclion  1    UHtratIng  «xp  aontlon  of  narrltmn  SpriD)^  on  th^  h;pntbrala  tliat  thr 
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is  of  gravel  w  ithoiit  rock  exiwsiires  The  rock  from  which  the  water 
issues  is  not  exposed.  From  the  rather  meager  observations  two  e.'s- 
planations  of  the  phenomena  observed  seem  possible.  Under  either 
hypothesis  the  water  is  supposed  to  flow  from  some  porous  reservoir 
stratum  (iwssibly  the  white  tuff  bed  exposed  near  Sentinel  Bluffs) 
fed  by  rain  and  snow  falling  on  Saddle  Mountain. 

According  to  the  first  hypothesis,  illustrated  in  fig.  2.  the  water- 
bearing stratum  has  been  tapped  by  erosion.  The  fact  that  the  water 
issues  along  a  comparatively  sliort  line  may  be  explained  on  the  sup- 


position that  the  water-bearing  stratum  is  lenticular,  and  that  a 
tongue-like  projection  has  l)ocn  cut  off  here.  The  tuff  l>ed  already 
mentioned  api>ears,  indeed,  to  have  a  lenticular  form,  since  it  is  nni 
set^n  west  of  the  river  at  Sentinel  Bluffs  nor  south  of  it  at  Prii-sl 
ltapi<ls. 

An  alternative  explanation  may.  however,  be  given  for  Harrison 
Springs.  (See  fig.  3.)  The  fact  that  the  springs  are  in  a  straight 
line  parallel  t^)-the  structural  ridge  across  the  river  strongly  suj^re«ts 
that  they  may  be  situated  along  a  break  in  the  basalt  formed  by  the 
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earth  forces  tliat  produced  the  ridge.  This  hypothesis  is,  perhaps,  on 
the  whole,  somewhat  more  j^robable  than  the  one  already  given.  The 
coolness  of  the  water,  however,  shows  that  it  does  not  come  from  a 
great  depth.  The  fracture,  if  it  exists,  may  therefore  be  a  minor  one 
ill  the  basalt  above  the  water-bearing  stratum,  produced  by  the  rather 
sharp  bending  of  the  basalt  and  not  extending  indefinitely  downward 
like  a  true  fault  fissure. 

SURFACE  WELLS. 

The  numerous  farm  wells  in  Kittitas  Valley  belong  mainly  to  the 
surface  type  and  are  sunk  in  valley  alluvium.  There  are  some,  how- 
ever, which  penetrate  EUensburg  sandstones  for  short  distances  and 
probably  derive  their  supply  from  distant  sources,  thus  being  classi- 
fiable genetically  with  the  deep  wells.  Their  discussion,  therefore, 
will  be  deferred  to  a  later  section. 

The  surface  wells  proper  of  the  valley  perhaps  require  no  descrip- 
tion. The  few  wells  very  near  Columbia  River,  and  the  more  numer- 
ous ones  in  Crab  Creek  bottom,  which  derive  their  supply  from  the 
underflow  of  the  neighboring  streams,  may  also  be  passed  with  brief 
mention. 

The  great  majority  of  the  shallow  wells  in  the  Columbia  Plains 
are  sunk  to  depths  varying  from  18  to  75  feet  in  the  alluvial  deposits 
that  floor  the  dry  coulees  and  their  tributary  gulches.  The  sugges- 
tion advanced  in  the  discussion  of  springs,  that  the  water  on  reaching 
bed  rock  has  been  concentrated  in  the  old  subsurface  channels  accord- 
ing to  natural  laws  of  drainage,  is  equally  applicable  in  the  case  of 
these  wells,  for  the  nature  of  springs  and  of  surface  wells  is,  in  fact, 
essentially  the  same,  save  that  in  the  former  the  configuration  of  the 
ground  is  such  that  the  water-saturated  bed  emerges  on  the  surface. 

A  notable  well  of  this  class  supplies  the  small  village  of  Ephrata. 
Just  west  of  the  town  a  canyon  opens  out  upon  the  gravelly  plain. 
There  is  a  small  surface  flow  in  the  lower  part  of  the  canyon,  which 
vanishes  in  the  broad  delta-like  alluvial  fan  below  it.s  mouth,  where 
a  shallow  well  taps  the  sunken  stream,  and  a  windmill  pumps  it 
into  a  tank,  from  which  it  is  distributed  through  a  system  of  pipers. 
There  are  several  other  wells  in  the  neighborhood  of  the  town,  gen- 
erally from  50  to  75  feet  deep,  and  gathering  their  supply  from 
gravel  that  w^as  probably  laid  down  by  the  Columbia  in  Glacial  time. 

Of  more  especial  interest  are  the  fairly  numerous  wells  on  the 
plateau  west  of  Coulee  City.  These  have  all  been  dug  by  hand, 
for  the  most  part  in  the  sand,  clay,  and  gravel  brought  down  by  the 
ancient  glaciers  from  the  north.  Two  such  wells  are  situated  in  sec. 
14,  R.  25,  T.  27  E.,  one  of  which  penetrates  42  feet  of  gravel,  clay, 
and  sand  and  18  feet  of  basalt,  while  the  other  attains  a  depth  <]f 
65  feet  without  reaching  basalt. 


60  GEOLOGY,  ETC.,  OF  EAST-OENTBAL   WASHIirGTON.      C ho.  118. 

The  quantity  and  stability  of  the  supply  from  surface  wells  vary 
widely  in  different  cases.  The  wells  last  mentioned  appear  to  meet 
all  demands  except  when  the  wind  for  the  windmills  fails  for  a  con- 
siderable time.  The  wells  in  the  coulees  often  give  aa  abundant 
supply;  one  in  Lind  Coulee,  notably,  met  the  domestic  needs  at  one 
time  of  a  score  of  families.  On  the  other  hand,  some  surface  well> 
often  fail  to  meet  the  demands  made  upon  them  in  the  dry  season, 
and  it  may  be  said  in  general  that  the  chances  of  obtaining  a  generoas 
and  reliable  supply  of  water  are  smaller  in  surface  wells  than  in  deep 
borings  in  the  basalt. 

DEEP  WELLS. 
INTRODUCTORY  STATEMENT. 

Historically  the  deep  well  represents  the  latest  development  in 
the  methods  of  obtaining  water  on  the  Columbia  Plains.  When  the 
fertility  of  the  plateau  lands  was  recognized  their  settlement  became 
inevitable,  but  the  question  of  water  supply  was  at  first  a  serious  one. 
The  waste  of  time  and  labor  involved  in  hauling  from  the  widely 
scattered  springs,  often  necessitating  the  pulling  of  a  heavy  tank 
over  miles  of  deeply  rutted  and  hilly  road,  led  the  wheat  growers  to 
seek  a  method  by  which  a  sufficient  supply  of  water  could  be  obtained 
at  any  desired  point,  even  upon  the  summits  of  the  plateau.  The 
deep  drilled  wells  solve  the  problem  successfully,  and  they  are  being 
put  down  by  all  who  are  able  to  meet  the  expense,  which  is  often 
considerable. 

The  charges  for  well  drilling  in  the  southern  part  of  the  wheat 
lands  are  as  follows:  In  soil,  gravel,  etc.,  above  basalt,  50  cents  a 
foot;  in  rock  (which  is  generally  in  great  part  massive  basalt,  though 
other  varieties  after  the  first  basalt  is  struck  are  not  differentiated), 
$2.25  per  foot  for  the  first  300  feet  and  50  cents  per  foot  additional 
for  each  100  feet  below  that  depth.  Water  for  the  engine,  coal,  and 
board  for  the  outfit  are  furnished  by  the  owner  of  the  ranch. 

In  the  vicinity  of  Ritzville  the  terms  are  slightly  higher;  for  the 
first  300  feet  the  charge  is  there  $2.50,  and  50  cents  higher  for  each 
additional  50  feet.  On  these  terms,  however,  the  driller  furnishes 
coal,  the  cost  of  which  is  estimated  at  about  25  cents  for  each  foot 
drilled  in  basalt.  In  all  cases  water  is  guaranteed,  and  the  risk  of  los- 
ing tools  (which  generally  also  necessitates  abandoning  the  hole)  is 
borne  by  the  driller.  The  average  cost  of  a  well  at  these  rates  is 
probably  not  far  from  $800,  though  it  reaches  a  maximum  of  over 
$2,000. 

The  rates  charged  for  drilling  appear  fairly  reasonable  consider- 
ing the  cost  of  machinery,  the  risk  of  loss,  and  the  degree  of  skill 
required.  The  hardness  of  the  rocks  is  such  as  to  call  for  very  care- 
ful tempering  of  the  drills  and  skill  and  patience  in  manipulation. 
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There  seems  to  be  a  strong  personal  factor  in  the  success  of  drilling 
operations,  many  drillers  having  records  unmarred  by  loss  of  tools 
or  failure  to  obtain  water,  while  the  work  of  others  seems  frequently 
to  end  in  disaster. 

In  Kittitas  Valley  deep  wells  have  never  attained  importance  as 
a  source  of  water  supply.  This  fact  is  due  to  the  more  favored  con- 
dition of  the  valley.  In  the  lower  portion  shallow  hand-dug  wells 
have  been  found  adequate  to  supply  the  wants  of  the  house  and 
barnyard.  The  much  larger  demands  of  irrigation  have  been  sup- 
plied more  or  less  satisfactorily  with  water  from  the  Yakima  and  its 
tributaries.  Thus,  although  it  has  long  been  recognized  by  intelli- 
gent observers  that  the  basin-like  structure  of  the  valley  is  favorable 
to  artesian  water,  the  demand  for  an  artesian  supply  has  not  been 
strong  enough  to  give  rise  to  energetic  prospecting.  The  two  bor- 
ings that  have  been  made  were  unsuccessful  and  have  thus  tended  to 
destroy  the  hope  of  obtaining  flowing  wells  in  the  valley,  but,  as 
will  be  shown  later,  these  experiments  were  so  inefficiently  carried 
out  as  to  have  little  evidential  value. 

The  purpose  of  the  following  discussion  is  primarily  economic,  and 
it  will  attain  its  object  if  it  helps  the  reader  to  decide  to  what  extent 
he  can  profitably  invest  in  deep  borings.  It  is  the  scientific  questions 
involved  in  this  problem  that  the  writer  proposes  to  treat  here.  It 
will  be  shown,  for  one  thing,  to  what  depths,  approximately,  it  is 
necessary  to  go  in  a  given  part  of  the  district  for  a  sufficient  sup- 
ply. But  a  question  which  is  perhaps  more  important,  and  whose 
solution  requires  scientific  investigation  of  a  special  kind,  is  whether 
artesian  water  exists  in  the  region.  The  fact  that  no  flowing  wells 
exist  at  present  is  not  conclusive  evidence  for  a  negative  answer  to 
this  question,  since  the  all-important  rules  for  the  proper  casing  of 
w^ells  have  been  generally  ignored.  Furthermore,  an  endeavor  will 
be  made  to  show  that  underground  pressure,  even  though  insufficient 
to  raise  water  to  the  surface,  may  often  advantageously  be  utilized 
by  proper  casing. 

Since  this  paper  is  intended  chiefly  for  the  benefit  of  nonscientific 
readers,  it  will  be  necessary,  in  order  to  make  the  discussion  of  arte- 
sian problems  clear,  to  insert  at  this  point  a  statement  of  the  prin- 
ciples upon  which  artesian  flow  depends,  and  to  show  how  those  prin- 
ciples should  be  applied  in  prospecting  for  artesian  waters  and  in 
constructing  artesian  wells. 

GENERAL  THEORY  OF  ARTESIAN   WATER. 

The  conditions  that  usually  determine  the  flow  of  an  artesian  well 
may  be  illustrated  as  follows:  Suppose  two  water-tight  basins  of 
similar  form  are  so  fastened  together  as  to  lie  one  within  the  other, 
with  a  small  water-filled  space  between.    Let  the  upper  basin  be  per- 


62  GKOLOGY,   ETC.,   OF   EAST-CENTRAL   WASHINGTON.      Iwo.  IISl 

forated,  and  let  the  perforation  be  tightly  fitted  with  a  tube.  Ac- 
cording to  a  simple  and  familiar  law,  the  water  will  rise  in  this  tube 
to  the  height  at  which  it  stands  in  the  space  between  the  basins,  and 
if  the  mouth  of  the  tube  be  lower  than  the  rim  of  the  lower  vessel 
and  the  latter  Ihj  kept  full  by  some  external  supply  a  constant  stream 
will  issue  from  the  pipe.  Such  an  arrangement  as  is  here  described 
would  be  a  working  model  of  an  artesian  basin.  The  construction  of 
our  model  might  be  slightly  modified,  however,  without  essentially 
changing  the  principles  involved.  For  the  basin-shaped  space  we 
may  substitute  one  l>etween  two  superposed  troughs  or  between  two 
inclined  boards,  provided  that  the  space  is  closed  except  along  it< 
up|)er  edge.  In  either  case  a  flow  would  be  obtained  from  any  aper- 
tui-e  below  the  lowcvst  point  of  the  rim  of  the  reservoir  space.  The 
essential  principle  illustrated  in  this  simple  manner  is  expressed  by 
the  familiar  saying  that  "  water  seeks  its  own  lev^el.'' 

In  natural  artesian  districts,  however,  the  conditions  tlo  not  have 
the  ideal  simplicity  of  our  primitive  model.  A  number  of  additional 
factors  come  into  play,  materially  complicating  the  problem.     W»* 
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have  now  to  show  to  what  extent  natural  conditions  are  represented 
by  our  model,  and  in  what  respects  the  difference  of  actual  from  ideal 
conditions  leads  to  modification  of  the  simple  rules  of  artesian  flow. 

Suppose  a  basin-like  valley,  underlain  by  a  stratified  series  of  rocks 
tliat  have  a  basin  structure,  so  that  the  form  of  the  layers  corresponds 
in  a  general  way  to  that  of  the  surface  of  the  ground.  Suppose  that 
in  this  stratified  series  there  lies  a  bed  of  porous  material,  such  as  a 
coarse,  open  sandstone,  capable  of  absorbing  and  storing  a  large* 
quantity  of  water,  and  that  this  porous  bed  is  overlain  and  under- 
lain by  some  material,  such  as  compact  clay  shale,  which  is  practi- 
cally water-tight.  If  the  upturned  edges  of  the  sandstone  stratum 
are  exposed  along  the  slopes  of  the  hills  surrounding  the  valley,  they 
will  absorb  a  portion  of  the  rain  falling  upon  the  hills,  and,  in  sonw* 
cases,  of  streams  flowing  over  the  outcrop.  The  porous  bed  will 
become  saturated  with  water  and  constitute  a  great  underground 
reservoir,  from  which  an  artesian  flow  may  be  obtained  by  sinking  a 
well  at  some  point  lower  than  the  exposed  area  where  the  bed  absorbs 
its  supply.     (See  figs.  4,  5,  6.) 

While  the  conditions  in  the  basin  valley  are  similar  to  those  of  the 
simple  model  in  the  most  essential  respects,  there  are  two  notew^orthy 
particulars  in  which  the  natural  and  the  ideal  conditions  difEer. 
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Til  our  working  model  we  have  for  a  reservoir  an  open  space,  and 
[lie  basins  that  form  its  walls  are  water-tight.  In  nature  the  reser- 
voir is  generally  constituted  by  an  aggregation  of  minute  but  con- 
nected pores  between  the  grains  or  fragments  that  constitute  the 
water-l)earing  bed,  and  the  confining  strata  are  never  absolutely 
impervious.  Both  these  modifications  of  ideal  conditions  have  an 
important  influence  upon  the  flow  of  artesian  streams. 

First,  the  water  flowing  to  a  well  through  the  small  interstitial 
spaces  encounters  a  notable  amount  of  frictional  re^sistance,  which 
lias  the  effect  of  retarding  the  flow.  In  order  to  counterbalance  the 
consequent  loss  of  artesian  prCvSsure  and  obtain  a  generous  flow  the 
well  must  be  situated  at  a  point  considerably  lower  than  the  area  of 
absorption  and  the  depression  must  be  increased  in  proportion  to  the 
ill  stance  from  the  source  of  supply. 

Second,  leakage  through  the  confining  strata,  by  diminishing  arte- 
sian pre^sure,acts  in  the  same  unfavorable  way  as  frictional  resistance, 
though  loss  from  this  source  is  not  likely  to  l)e  serious  if  the  region 
Ix^tween  the  area  of  supply  and  the  wells  is  elevated. 

When,  therefore,  we  inquire  as  to  whether  the  stratigraphic  (?oii(li- 
tions  in  a  given  region  are  favorable  to  the  hope  of  obtaining  artt^sian 
water  we  must  not  look  for  absolute  impermeability  in  the  strata  con- 
fining the  water  beds.  It  is  necessary  only  that  the  resistance  which 
the  water  must  overcome  in  escaping  through  the  confining  strata  be 
large  in  comparison  with  that  which  it  encounters  in  flowing  through 
the  porous  stratum.  In  other  w^ords,  the  stratigraphic  conditions  are 
fulfilled  when  we  have  a  relatively  permeable  stratum  confined 
l>etween  strata  that  are  relatively  impermeable. 

We  have  still  to  consider  another  difference,  perhaps  even  more 
important,  between  theoretical  and  actual  conditions.  We  have 
assumed  up  to  this  point  the  absence  of  any  exposure  of  the  water- 
l)earing  stratum  affording  opportunity  for  leakage  lower  than  the 
mouth  of  the  artesian  wells.     It  is  probable  that  this  condition  is 


Kia.  5. — Section  iUustratlng  th Inning  out  of  a  porous  water-bearing  bed.     (After  Cham- 

berlln.) 

rarelv  fulfilled  in  nature.  Most  vallevs  are  drained  by  streams,  and 
ilie  gorge  by  which  a  river  leaves  a  basin-like  structural  depression 
will  cut  the  water-bearing  stratum  and  expose  it  at  a  lower  elevation 
than  any  point  on  the  valley  floor.  An  ideal  artesian  basin  must  be 
topographically  an  undrained  basin,  and  that  is  an  exceptional  topo- 
ijraphic  form.  It  is  probable  that  in  the  great  majority  of  artesian 
districts  the  water-bearing  stratum  is  cut  at  points  lower  than  any  of 
the  wells. 
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Thr  effect  of  such  lenknge  upon  the  behavior  of  artesian  waiw 
must  therefore  be  inquired  into  and  the  reason  shown  why  it  lii"- 
not  destroy  underground  pressnro  in  tlie  imperfin 
reservoirs.  It  is  a  more  or  less  familiar  truth  that 
moving  underground  water  follows  the  path  of  \ea>' 
resistance.  More  definitely  and  specifically,  we  m«\ 
J      say  that  the  water  at  any  given  point  in  an  artesiav 

i     basin  will  tend  to  escape  to  the  surface  l>v  the  nxiii' 
on  which  it  will  have  to  do  the  least  work  in  ovtr- 
coming  resistance.     The  resistances  to  Ixi-  overroni' 
iiri'  friction  and  gravitation.     It  is  readily  conceiv- 
able that  in  the  area  near  a  well   the   water  i-ai. 
more  easily  overcome  the  gravitative  resistance  mi 
rise  to  the  surfaw  as  an  artesian  flow  than  the  grcai 
^      frictional  resistance  it  ivonld  encounter  in  |>as>iii^ 
I      to   a   distant  low  outcrop,  even   thous'h    aided  1>( 
J      gravity. 

j^  An  illustration  of  the  principle  here  iiivohvil  nia_v 
^  I)e  cited  which  is  familiar  to  the  exi>erience  of  even- 
pS  one.  In  a  city  house  furnished  with  a  system  (if 
•^  wate  pipes,  the  turning  on  of  faucets  in  the  iower 
I  stories  will  not  generally  stop  the  flow  from  tln' 
I  faucets  on  the  floors  above,  though  it  may  matcr- 
I     ially  diminish  its  force  and  volume. 

□  The  considerations  set  forth  in  the  later  parii 
graphs  have  been  recognized  by  others.*"  and  Profes- 
sor Russell,  from  whose  paper"  the  accoinpanyiiiL' 
figure  (fig.  6)  has  been  taken,  has  propostni  for  lln' 
3  form  of  reservoir  in  question  the  term  "  artesian 
slope."  It  seems  to  the  present  writer,  however. 
that  it  has  not  been  sufficiently  recognized  that  leak- 
S-l  age  in  natural  reservoirs  is  almost  imiversal.  ^^^10I. 
a  district  ia  examined  with  reference  to  artesian  n>ii- 
ditions,  hope  of  obtaining  artesian  flows  should  mn 
be  abandoned  on  finding  that  the  water-bearinj; 
strata  were  e.i:i>osed  at  low  levels  but  an  atteini'i 
should  rather  be  made  to  estimate  the  degree  to  whicli 
the  existing  natural  leakage  will  injure  the  arte>i.iJ- 
reservoir.  It  will  be  interesting  to  discuss  briefly  lln' 
'''"izf*"*''?!."'  data  upon  which  such  estimates  mav  be  based. 

BiD     artesian     ttinpi^-  ^ 

(AtierRuBBftii.)  It  is  obvious,  in  the  first  place,  that  the  dan^pr 

from  leakage  is  great  in  proportion  as  low  oiitciX)ps  ai"e  cxtensiiv. 
In  the  case  of  a  basin  valley,  for  example,  it  is  <lesirabie  that  itn- 

nCbamberlin,  T.  C.   BequiBits  and  qnalifrlng  oondiOonB  ot  aitesian  wells:  PifUi  Aon,  IW 
U  H,  Gw.l.  Survey,  l»<4.  p.  MS.  flg.  IT. 
t  Bull-  U.  S.  Geol.  Snrvey  N».  Il»,  190B,  p.  15T. 
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^orge  through  which  the  river  emerges  be  narrow  in  proportion  to  the 
size  of  the  expanded  part  of  the  valle3^  Another  fact,  perhaps  less 
evident,  is  that  it  is  disadvantageous  for  the  river  to  have  cut  down 
deeply  below  the  general  level  of  the  valley  floor.  In  such  a  case  the 
water-bearing  stratum  inay  be  very  extensively  exposed,  and  the  arte- 
sian basin  indeed  be  divided  into  two  scoop-shaped  segments  with  the 
water  bed  exposed  along  the  entire  edge  of  each.  By  a  similar  course 
of  reasoning  it  may  be  perceived  that  in  a  given  artesian  district 
porous  beds  lying  low  down  in  the  series  will  in  general  be  less  exten- 
sively exposed  along  the  rivers  than  higher  beds  (see  fig.  14,  p.  65). 

The  effect  of  leakage  is  dependent,  in  the  second  place,  on  the 
proximity  of  the  low-level  outcrops  to  the  place  where  the  well  is 
to  be  sunk.  In  the  close  vicinity  of  such  outcrops  the  route  of 
escape  by  the  natural  exposure  of  the  porous  stratum  may  offer 
less  resistance  than  must  l)e  overcome  in  rising  through  the  wells. 
At  points  more  remote  from  the  region  of  leakage,  on  the  other 
hand,  the  loss  of  pressure  will  be  much  less  serious,  and  at  great 
distances  it  'may  become  negligible.  In  a  long  synclinal  vaUev, 
underlain  by  a  water-bearing  stratum  having  the  form  of  a  trough 
with  open  ends,  the  chances  of  obtaining  an  artesian  flow  in  the 
central  portions  of  the  depression  would  generally  be  excellent,  and 
loss  of  pressure  by  leakage  need  be  apprehended  only  near  the  ends  of 
the  trough.  In  the  case  of  an  inclined  stratum  exposed  along  the 
greater  portion  of  its  lower  edges  the  danger  from  leakage  would 
probably  reach  a  maximum.  The  diminution  of  pressure  from  leak- 
age would  be  greatest  near  the  low  outcrops ;  but,  on  the  other  hand, 
those  situated  farther  away  would  generally  be  at  a  disadvantage  from 
l>eing  on  higher  ground,  and  the  most  favorable  location  for  wells 
wovdd  be  in  an  intermediate  zone  where  conditions  were  somewhat 
balanced. 

From  the  foregoing  discussion  it  should  be  evident  that  the  pros- 
pector for  artesian  water  may,  according  to  his  judgment  and 
experience,  make  a  more  or  less  approximate  estimate  of  the  effect 
of  natural  leakage.  Each  case  must  of  course  be  considered  for 
itself,  yet  certain  rough  generalizations  can  he  made.  In  the  central 
portion  of  a  basin  valley,  from  which  a  river  flows  by  a  narrow  gorge 
and  does  not  deeply  trench  the  valley  floor,  or  in  the  middle  of  a 
synclinal  trough  of  great  length,  the  loss  of  pressure  by  leakage  is 
not  likely  to  diminish  the  pressure  in  a  fatal  degree.  On  the  other 
hand,  a  well  sunk  to  an  inclined  stratum  extensively  exposed  at  a 
low  level  will  generally  not  succeed  unless  the  stratum  is  of  very  great 
extent  and  other  conditions  are  favorable.  The  effect  of  leakage 
is,  however,  at  best  a  somewhat  indefinite  factor  in  the  artesian 
problem. 
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The  discussion  to  this  point  has  related  to  the  structural,  strali- 
graphic,  and  topographic  conditions  influencing  artesian  flows,  or. 
in  other  words,  to  the  nature  of  the  reservoir.  Of  no  less  impor- 
tance is  the  supply  which  fills  this  reservoir  and  supplies  the  lc>^ 
irom  wells  and  springs.  In  order  that  a  well  shall  continue  to  flow, 
the  water  level  in  the  artesian  reservoir  must  be  kept  higher  than  thf 
mouth  of  the  well.  This  supply,  as  has  been  briefly  noted,  is  chiefly 
from  rain  falling  upon  the  high  exposures  of  the  porous  stratum 
and  immediately  absorbed.  It  may,  however,  be  augment-ed  by  a  con- 
siderable amount  not  falling  directly  upon  the  area  of  absorption, 
but  flowing  over  it  for  short  distances  in  temporary  rills,  and  by  leak- 
age from  streams  that  flow  across  the  outcrop  of  the  porous  stratunL 
A  case  illustrating  leakage  from  a  stream  is  cited  by  Mr.  Greorge  Oti> 
Smith  in  his  description  of  the  Moxee-Atanum  basin.**  In  this  man- 
ner areas  remote  from  the  zone  of  outcrop  may  contribute  to  the 
artesian  reservoir. 

The  amount  of  water  supplied  to  an  artesian  basin  depends  on  the 
area  of  the  zone  of  absorption  and  on  the  amount  of  precipitation 
along  that  zone.  The  zone  of  absorption  is  necessarily  higher  than 
the  flowing  wells  and  consequently  lies  usually  in  a  region  of  great<T 
rainfall.  Its  area,  however,  is  generally  small  in  proportion  to  that 
of  the  whole  artesian  basin,  and  the  amount  of  water  that  can  V*- 
<lraw^n  from  the  underground  reservoir,  far  from  being  unlimited,  i- 
very  definitely  determined  by  the  average  precipitation  on  a  compara- 
tively small  area.  If  the  amount  drawn  off  by  weUs  and  sprinp^ 
exceeds  the  amount  annually  furnished  by  rain  and  snow,  a  diminu- 
tion of  artesian  pressure  must  result.  Many  wells  that  gave  a  pow- 
erful stream  at  the  beginning  have  ceased  to  flow  when  borings  have 
multiplied  in  their  vicinity.  This  danger  of  wasting  the  artesian 
supply  has  been  recognized  by  the  legislature  of  the  State  of  Wash- 
ington,^ which  has  framed  a  wise  law  compelling  owners  to  cap  their 
wells  during  the  rainy  season  (from  October  1  to  April  1)  and  to  ur*' 
onl}^  such  amounts  during  that  period  as  are  necessary  for  domest it- 
purposes  and  stock. 

We  may  now  recapitulate  the  necessary  conditions  of  artesian  flow, 
as  follows : 

(1)  A  porous  stratum  capable  of  absorbing  large  quantities  ()f 
water  and  allowing  it  free  passage. 

(2)  Relatively  impermeable  strata  above  and  below,  capable  of 
confining  most  of  the  water  under  pressure. 

(3)  An  exposure  of  the  edge  of  the  porous  stratum  where  it  may 
absorb  water  falling  upon  it,  and,  to  some  extent,  that  of  rills  and 

strewns  flowing  across  it. 

/ , 

a  Smith,  G.  C,  Geology  and  water  resources  of  a  portion  of  Yaldma  County,  Wash.:  Water- 
Sup,  and  Irr  Paper  No.  55,  U.  S.  Qeol.  Survey,  1901,  p.  5t). 
frStat.  Washington,  chap.  121  (H.  B.  No.  203). 
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(4)  An  inclination  or  folding  of  the  water-bearing  stratum  and 
a  corresponding  slope  of  the  surface  of  the  ground,  so  that  (he  pro- 
posed wells  may  l)e  located  below  the  zone  of  supply. 

(5)  Absence  of  low-level  outcrops  sufficiently  extensive  and  suffi- 
(*iently  near  the  proposed  wells  to  cause  great  loss  of  pressure  l)y 
leakage. 

(C)  A  sufficient  supply  of  rain  water  to  maintain  the  artesian 
head. 

DATA  CONCERNING  DEEP  WATERS. 
ARTESIAN  DIVISIONS  OF  THE  REGION. 

We  may  now  proceed  to  discuss,  in  the  light  of  the  general  prin- 
ciples just  laid  down,  the  artesian  problems  for  the  region  here  con- 
sidered. In  this  discussion  we  must  use  the  facts  already  set  forth 
concerning  the  natural  conditions  of  the  region  and,  further,  the  well 
records  that  give  direct  evidence  regarding  the  occurrence  and 
behavior  of  underground  waters. 

The  facts  can  not  be  discussed  for  the  region  as  a  whole,  since  con- 
ditions vary  considerably  in  different  portions.  A  division  can  be 
made,  however,  into  districts  in  each  of  which  the  natural  conditions 
are  fairly  uniform.  Those  in  which  deep  wells  already  exist  are 
designated  (1)  the  Connell-Ritzville  district,  (2)  the  Hartline  district, 
(3)  the  Quincy  district,  and  (4)  the  Kittitas  Valley  district.  In  the 
desert  area  traversed  by  Saddle  Ridge  there  are  no  deep  wells,  but 
the  natural  conditions  will  be  discussed  separately  for  the  portions 
of  the  desert  south  of  and  north  of  that  prominent  structural  feature. 

STBATIORAPHIC   CONDITIONS   IN    COLUMBIA   PIAINS. 

The  stratigraphic  conditions  are  so  uniform  throughout  the  Colum- 
bia Plains  that  it  will  be  profitable  to  consider  these  conditions  from 
the  artesian  standpoint  bt'sfore  proceeding  to  discuss  the  special  fea- 
tures obtaining  in  each  of  the  districts  just  blocked  out,  all  of  which 
lie  within  the  Columbia  Plains  except  the  Kittitas  Valley,  where  the 
stratigraphy  is  somewhat  different  and  must  be  discussed  separately. 

In  that  portion  of  the  Columbia  Plains  considered  in  this  report 
the  EUensburg  beds  are  so  distributed  as  to  afford  little  ground  for 
the  hope  that  an  artesian  supply  can  be  obtained  from  them.  The 
obstacles  to  such  a  hope  are  the  facts  that  the  high  outcrops  receive 
but  a  very  small  supply  of  atmospheric  water,  and  that  the  beds  are 
too  extensively  dissected  by  the  canyons  and  coulees. 

If  artesian  water  is  to  be  obtained  in  this  portion  of  the  plains  it 
must  be  from  the  basalt  series  or  from  beds  of  sandstone  intercalated 
with  the  basalt.  In  discussing  the  artesian  problem  for  this  area, 
therefore,  it  is  important  to  consider  whether  the  manner  in  which 
the  basalt  series  is  built  up  is  favorable  to  the  storage  of  deep  water 
and  its  conservation  under  pressure.       The  required  condition,  it 
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will  lie  rcinoinlxjred,  is  that  strata  capable  of  containing  much  wat4»r 
iind  of  allowing  it  to  pass  with  comparative  freedom  shall  alternate 
with  strata  that  are  comparatively  impervious. 

The  lithologic  character  of  the  basalt,  including  its  texture  and  the 
structural  features  of  the  massive  flows  and  pyroclastic  beds,  and  tht* 
character  and  extent  of  the  materials  other  than  basalt  intercalate*! 
with  the  upper  layers  of  the  series,  have  been  described  in  a  previous 
s(»ction.  The  facts  pertinent  to  the  present  purpose  may  be  recapiUi- 
lated.briefly  as  follow^s:  The  lava  series  is  built  up  mainly  of  a  great 
number  of  massive  flows  with  rough  vesicular  surfaces.  The  massive 
lava  is  universally  cut  up  by  joints  developed  in  the  process  of  cool- 
ing into  columns,  plates,  and  irregular  blocks.  Intercalated  with  the 
massive  flows  are  beds  of  porous  tuff  and  breccia,  which,  however, 
occur  in  small  volume  as  compared  with  the  true  lavas.  A  few  beds 
of  acid  tuff  and  of  sandstone  are  interbedded  with  the  upper  layers 
of  the  series,  but  are  very  rare  in  the  lower  portion  of  the  section. 

To  the  hasty  observer  the  vesicular  or  "  honeycombed  ''  upper  por- 
tions of  the  basalt  flows  might  seem  well  adapted  for  tlie  storage  of 
water,  but  a  little  thought  will  show  that  such  an  idea  is  largely  fal- 
lacious. The  vesicles  of  the  amygdaloids  are  not  connected,  but  are 
inclosed  chambers  incapable  of  receiving  water  except  by  slow  infil- 
tration and  quite  incapable  of  allowing  its  free  passage.  To  quote 
the  language  of  Chamberlin,  the  porosity  of  a  water-bearing  stratum 
should  he  of  an  ''  interstitial  and  not  a  vesicular  kind."" 

But  if  the  vesicular  portions  of  the  flows  are  not  available  for  waier 
storage  there  seems  reason  to  telieve  that  there  are  spaces  between  the 
lava  flows,  thin  and  irregular  but  extensive,  that  might  serve  as  reser- 
voirs. The  surface  of  a  freshly  cooled  lava  flow,  though  level  and 
monotonous  in  its  broad  aspects,  is  rough  in  detail.  A  second  flotnl 
rolling  upon  a  surface  thoroughly  cooled  will  probably  not  generally 
completely  fill  the  inequalities  of  the  preexisting  surface.  The  cnisi 
forming  upon  the  top  and  front  of  the  liquid  flow",  broken  and  rolled 
under  by  its  advancing  motion,  will  often  form  a  rough  layer  thai 
does  not  fit  closelv  into  the  minor  unevenness  of  the  ccxJed  lava  W- 
neath.  It  is  believed  that  w^aterways  are  often  constituted  by  the 
spaces  thus  left  by  the  failure  of  a  more  or  less  viscous  flow  to  fill 
completely  the  roughnesses  of  the  surface  upon  which  it  was  i>ounHl. 
Though  small  in  the  l^eginning,  these  subterranean  spaces  may  sub- 
sequently become  enlarged  by  the  solvent  action  of  deep  waters. 

The  ability  of  the  porous  tuff  beds  and  breccias  to  absorb  and  con- 
tain water  is  evident  to  anyone  familiar  with  their  character,  and  it 
is  believed  that  they  probably  contain  the  most  generous  supplies  of 
w^ater  to  be  found  in  the  basalt  series  in  the  region  here  considered. 

Some  of  the  beds  of  siliceous  tuff  and  sandstone  already  described 
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sire  i)robably  well  fitted  for  water  storage,  but  they  are  apparently  of 
only  local  importance.  They  may  be  found  a  source  of  water  in  the 
low-lying  southwestern  portion  of  the  region,  but  the  rex*ords  of  wells 
and  observations  of  natural  sections  go  to  show  that  sandy  beds  are 
jso  rare  in  the  eastern  and  northeastern  portion  as  to  be  practically 
negligible. 

We  have  next  to  consider  whether  the  massive  basalt  is  capable  of 
confining  under  pressure  the  water  stored  in  the  porous  beds. 

The  massive  compact  basalt  is  in  itself  a  practically  impermeable 
rock.  The  universal  presence,  however,  of  crevices,  due  to  contrac- 
tion partings,  has  led  some  observers  to  believe  that  the  .basalt  is  in 
general  incapable  of  confining  water  under  pressure.  With  this  view 
the  writer  has  been  led  to  disagree,  mainly  by  certain  facts  learned 
from  well  records. 

Water  in  the  deep  wells  of  the  plains  is  never  found  in  any  useful 
quantity  in  the  massive  basalt  itself,  but  always  in  softer  material 
between  the  compact  layers.  It  is  known  to  exist  under  pressure  suf- 
ficient to  raise  it  250  feet  in  certain  localities  where  there  is  no  evi- 
dence of  any  strata  of  clay  or  silt  which  could  have  been  efficient  in 
preventing  its  escape  from  the  pervious  bed.  It  is  concluded,  there- 
fore, that  the  basalt  does  to  a  notable  extent  have  the  abilitv  to  con- 
fine  water  under  pressure.  The  crevices  in  the  massive  rock,  espe- 
cially in  the  case  of  flows  where  the  columns  are  small  and  irregular, 
are  believed  to  be  not  only  minute  but  generally  not  continuous 
throughout  the  flow,  and  to  allow  the  passage  of  water  in  but  com- 
paratively small  amount.  At  the  same  time  it  is  admitted  that 
jointed  basalt  is  probably  less  efficient  material  for  a  confining 
stratum  than  clay  or  fine  shale. 

To  sum  up,  then,  it  appears  that  the  basalt  series  presents  an 
alternation  of  strata  of  differing  permeability  favorable  to  the  stor- 
age of  artesian  water,  though  the  stratigraphic  conditions  are  prob- 
ably not  so  favorable  as  they  are  in  a  series  of  open  sandstones 
alternating  with  beds  of  fine  shale  or  clay.  The  water-bearing  layers 
in  the  basalt  series  consist  of  acid  tuffs  and  sandstones,  thin  irregular 
spaces  between  the  flows,  and  basaltic  tuffs  and  breccias.  The  mas- 
sive basalt,  although  universally  creviced,  is  considered  to  be  of  low 
permeability  in  comparison  with  these  porous  layers. 

CONNELL-BITZVILLE    DISTRICT. 

By  this  name  we  may  designate  that  portion  of  the  wheat  lands 
which  lies  south  of  upper  Crab  Creek.  This  area,  though  very  exten- 
sive, is  characterized  by  a  similarity  of  conditions  that  justifies  its 
treatment  as  a  unit  in  the  discussion  of  deep  wells. 

Structure. — The  structure  of  the  basalt  underlying  this  district  is 
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not  easily  made  out  except  through  a  broad  study  of  the  n^tm. 
lx»cause  the  inclination  of  the  lava  flows,  as  observed  in  the  walls  »f 
the  coulees,  is  almost  imperceptible  in  amount,  and  its  direction  an«i 
degree  can  not  generally  be  determined  except  by  careful  instrumental 
observations,  which  the  writer  was  not  able  to  make.  The  interpreta- 
tion of  the  structure  is  based  largely  on  topographic  grounds.  Tl:< 
general  surface  of  the  land  east  of  the  Northern  Pacific,  lying  at  aii 
elevation  of  nearly  2,000  feet  above  sea  level,  probably  coincide> 
nearly  with  the  original  surface  of  the  basalt,  or  is  below  that  sur- 
face, which  mav  have  been  larerelv  reduced  bv  erosion.  The  desert 
area  to  the  west  and  southwest,  lying  at  a  considerably  lower  level,  i- 
underlain  in  part  by  Ellensburg  beds,  which  cover  the  basalt  to  a 
depth  of  several  hundred  feet.  The  surface  of  the  basalt  is,  therefon\ 
farther  below  the  surface  of  the  ground  in  this  region  than  in  the 
more  elevated  lands  to  the  northeast.  It  mav  therefore  be  infemni 
that  the  basalt  underlying  the  Connell-Ritzville  district  has  in  gen- 
eral a  very  gentle  inclination  to  the  southwest. 

Topography. — The  upper  portion  of  the  basalt  series  in  this  dis- 
trict is  trenched  by  a  large  number  of  coulees,  having  a  maxiniuiu 
depth  below  the  surface  of  about  400  feet,  though  when  the  thickne-^-^ 
of  the  gravel  deposits  in  their  bottoms  is  considered  it  appears  that 
the  trenches  in  the  bed  rock  have  depths  as  great  as  600  feet.  Tiw 
average  depth  of  the  coulees  is  greatest  in  the  southwestern  portion 
of  the  district,  which  is  nearest  the  master  streams  of  the  Columbia 
Plains,  the  Snake  and  the  Columbia.  Far  to  the  w^est  the  basalt  i- 
deeply  cut  into  by  Columbia  River,  which  exposes  .strata  many  hun- 
dred feet  below  the  top  of  the  series. 

The  general  intrenchment  in  the  wheat  lands  has  an  important 
relation  to  the  deep  wells.  It  is  evident  that  any  porous  strata  exist- 
ing in  the  basalt  series  at  horizons  above  the  general  level  of  the  neigh- 
boring canyon  bottoms  would  l)e  extensively  exposed  to  leakage  alon<r 
the  canyon  walls,  and  that  while  it  might  at  some  localities  carry  con- 
siderable water,  it  could  not  be  expected  to  contain  it  under  artesian 
pressure. 

Supply, — The  writer  is  unable  to  present  any  information  base<l 
on  detailed  observation  in  regard  to  a  region  of  supply  for  the  deep- 
lying  porous  strata  under  the  eastern  wheat  lands.  Study  of  maps 
and  level  lines  shows  that  along  the  eastern  boundary  of  Washington 
and  in  northern  Idaho  there  is  an  elevated  region  which  receives  a 
more  al)undant  rainfall  than  the  district  considered.  Part  of  thi- 
region  was  seen  by  the  w^riter  in  traveling  by  rail  between  Ritzville 
and  Spokane.  It  is  a  surface  of  erosion  with  many  inequalities  that 
would  probably  increase  its  efficiency  as  a  gathering  ground.  Some 
of  the  lower  beds  in  the  basalt  series  may  be  exposed  there,  and  may 
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absorb  a  portion  of  (lio  rainfall.  A  supply  may  also  be  furnished 
from  the  ed^e  of  tlio  l)asjilt  formation  at  the  base,  of  the  mountains 
in  Idaho,  thoujrh  that  region  is  so  far  distant  that  it  seems  doubtful 
whether  it  may  l>e  assumed  that  any  porous  beds  ext-end  continuously 
thence  to  the  Ritzville  region. 

Well  records. — The  reader  may  gather  from  the  facts  above  stated 
that  the  natural  conditions,  considered  apart  from  experimental  evi- 
dence, in  the  Connell-Ritzville  district  do  not  seem  greatly  to  encour- 
age the  hope  of  obtaining  artesian  water.  There  are  several  factors 
of  uncertainty  in  the  theoretical  problem,  however,  that  make  it  desir- 
able to  scrutinize  all  the  evidence  obtainable  from  wells  that  have 
already  been  sunk.  The  appended  list  gives  the  data  collected  by  the 
writer  in  regard  to  these.  The  list  does  not  include  by  any  means  all 
the  wells  in  the  district,  but  it  is  believed  that  the  expenditure  of  time 
necessary  to  make  an  exhaustive  list  would  not  have  been  justified, 
and  that  the  data  obtained  will  serve  the  main  purposes  of  the  exam- 
ination. 

A  few  words  applying  to  all  the  data  for  the  Columbia  Plains  may 
also  l)e  prefaced  in  regard  to  the  fullness  and  reliability  of  the  well 
records  obtained.  Owing  to  the  fact  that  the  rock  penetrated  is 
niostlv  basalt,  not  intercalated  with  anv  considerable  amounts  of 
tuffs,  sandstones,  or  shales,  it  has  not  become  customary  to  keep  any 
regular  records  of  the  material  through  which  the  drill  passes. 
There  has  been  simply  a  dilferentiation  between  "  rock  "  and  "  dirt," 
for  the  purpose  of  reckoning  charges.  Any  more  detailed  informa- 
tion that  has  been  gathered,  therefore,  has  been  supplied  from  the 
memory  of  drillers  or  of  others  interested  in  the  wells.  In  regard 
to  depth,  the  figures  have  in  some  cases  bcien  taken  from  written 
records,  but  in  others  from  the  memory  of  owners  and  drillers.  It  is 
l)elieved,  however,  since  most  of  the  wells  are  of  comparatively  recent 
(construction,  that  the  figures  given  are  substantially  accurate. 

I  artial  list  of  wells  in  Connell-Ritztnlle  district ,  Washington, 


Owner. 


Location. 


Depth. 


1 .  Northern  Pacific  I  Eltopia 

R.  R.  ' 

2.  Do  _ Lake 

3.  J.  W.  Gover |  Sec.  24,  T.  13,  R.  30 _ 

4.  Jas.  Elgin '  Sec.  33,  T.  13,  R.  32. 

5.  Brayden  Bros ]  Sec.  32,  T.  13,  R.  32. 

6.  M.  C.  Moore Sec.  21,  T.  13,  R.  32. 


Depth 
to  sur- 
face of 
water. 


Depth 

of  soil, 

etc. 


1 

1  151 

1 

115 

354 

284 

811 

297 

323 

283 

a  84 

674 

629 

14 

78 

Remarlm. 


Water  at  310  feet. 


Snpply  not  abun- 
dant. 


a 80  dirt;  4  grravel. 
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Partial  list  of  wells  in  Connell-Rifsnnlle  district^  Washingtoti — Qmtinned. 


Owner. 

Location. 

Depth. 

Depth 
toanr- 
fiftceof 

Depth 
of  soil. 

38. 

575 

water. 
551 

etc. 
23 

H.  C.  Baker 

Sec.  29,  T.  13,  R. 

H. 

Northern  Pacific 
R.  R. 

Connell 



228 

(    06 
1&180 

9. 

H.W.  Brummond 

Sec.  8,  T.  14,  R.  : 

32-. 

410 

395 

42 

10. 

Engene  Adamfi    . 
Wm.  Mittelstadt. 

Sec.  6,  T.  14,  R.  . 

"^2 

510 

11. 

Sec.  35,  T.  15.  R. 

31. 

318 

293 

30 

12. 

Wm.  Dickiiison . . 

Sec.  25,  T.  15,  R. 

31. 

860 

380 

75 

18. 

Wm.  Brown 

Sec.  13,  T.  15,  R, 

31. 

425 

325 

50 

14. 

Town 

Hatton 

. . . . 

300 

7 

37 

Water  nses. 

15. 

Andrew  Newland 

Sec.  35,  T.  16,  R. 

31. 

480 

380 

50 

16. 

Canningham 

Sec.  10,  T.  16,  R. 

32. 

255 

150 

In  bottom  of  con- 
lee. 

17. 

C.  S.  Hedrick... 

Sec.  34,  T.  16,  R. 

32. 

300 

250 

40 

18. 

Merrill 

McMannaman 
and  Van  Marten 

Below  Lind    . . . 

820 

100 



19. 

East  of  Lind 

130 

20. 

Northern  Pacific; 
R.  R. 

Lind 

225 

32 

25 

Water  roee  to  top 
of  basalt. 

21. 

Town 

Adam  Buehler. . 

do 

286 
368 

30 
328 

10 
14 

22. 

Sec.  15,  T.  18,  R. 

33. 

23. 

Lonis  Pflugard  . 

Sec.  14,  T.  18,  R. 

33. 

318 

298 

35 

24. 

Fred  Scheel  ... 

Sec.  8,  T.  18,  R.  J 

W.. 

297 

172 

25 

25. 

Chas.  Lakes 

Sec.  32,  T.  19,  R. 

33- 

800 

250 

40 

26. 

Sec.  30,  T.  19,  R. 

33. 

110 

20 

20 

In  conlee. 

27. 

Dan  Scott 

Sec.  35,  T.  19,  R. 

34. 

858 

258 

50 

28. 

Henry  Myers 

Sec.  32,  T.  19,  R. 

34. 

350 

250 

70 

29. 

A.  Johanson 

Sec.  32,  T.  19,  R. 

34. 

250 

235 

70 

30. 

City  of  Ritzville 

Sec  23,  T.  19,  R. 

35. 

360 

200 

50 

Elevation.  1890. 

31. 

J.  W.  Johnson . . . 

Ritzyille 

. .  -  - 

180 

. 

46 

32. 

Scott 

6  miles  west  of  Ritz- 
ville. 

358 

270 

33. 

Odessa  Mill 

Sec.  5,T.  21,  R.  J 

33.- 

137 

40 

23 

34. 

Sec.  26,  T.  21,  R. 

30. 

211 

206 

31 

Water  in  red 
"honeycomb 
rock;'"  lateral 
flow  washed 
awaydriUings. 

4 

I  Soil. 

f>Qn 

.vol. 

A  few  general  statements  may  be  deduced  from  the  list  concerning 
these  wells. 
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In  comparing  depths,  allowance  must  be  made  for  the  fact  that 
some  wells  are  sunk  from  the  high  plateau  surface  of  the  wheat  lands, 
while  othei*s  are  situated  in  the  coulees,  from  50  to  400  feet  below  the 
general  upland  levels.  Comparing  the  average  depths  of  wells  in  the 
uplands,  we  obtain  the  following  results:  For  the  thirteenth  and 
fourteenth  rows  of  townships,  400  feet;  for  the  fifteenth  and  six- 
t<»enth,  367  feet;  for  the  eighteenth  and  nineteenth,  327  feet.  There 
is  thus,  in  general,  a  slight  increase  in  average  depth  from  north  to 
south.  The  explanation  of  this  fact  is  probably  to  be  found  in  the 
greater  depth  of  the  coulees  in  the  southern  portion  of  the  district, 
which  is  near  the  master  stream  of  the  region,  where  the  ancient 
streams  were  most  deeply  intrenched. 

The  figures  in  regard  to  depth  of  soil  have  interest,  though  without 
direct  bearing  on  water-supply  problems.  The  soil  is  seen  to  be  in 
general  very  deep,  apparently  attaining  its  greatest  depth  on  the 
brows  of  slopes,  where  the  conditions  are  most  favorable  for  wind 
accumulation.  Some  indication  of  the  amount  of  hardpan  was 
gathered  from  descriptions  of  wells.  This  material  seems  to  be 
thickest  in  the  neighborhood  of  Ritzville.  The  depth  of  gravel  in 
certain  of  the  coulee  bottoms  is  also  given  by  the  well  records. 

In  regard  to  the  character  of  the  rock  in  which  water  is  found, 
the  information  is,  of  course,  not  very  definite,  since  it  is  based  upon 
the  relative  ease  with  which  the  material  is  penetrated  by  the  drill 
and  by  the  appearance  of  small  fragments  brought  up  by  the  sand 
pump.  No  case  is  recorded,  however,  where  the  water-bearing 
stratum  is  sandstone,  a  material  that  could  hardly  fail  to  be  recog- 
nized. The  water-bearing  material  is  always  softer  than  the  massive 
rock,  and  is  usually  described  as  ''  honeycomb,"  less  seldom  as  "  brown 
gravel,"  or  ''  bowlder  formation,''  etc.,  but  no  true  waterworn 
gravels  were  seen  in  any  of  the  natural  exposures  of  the  basaltic  series. 
The  testimony  all  seems  to  indicate  that  the  deep  water  is  generally 
found  in  porous  or  fragmental  basalt. 

The  third  column,  headed  '*  depth  to  water  surface,"  contains  data 
that  are  of  the  highest  interest,  because  they  give  the  most  positive 
evidence  obtainable  in  regard  to  artesian  conditions.  Drilling  is 
usually  stopped  almost  immediately  upon  obtaining  a  good  supply 
of  water,  and  any  considerable  difference  between  the  corresponding 
figures  in  the  third  and  fourth  columns  usually  indicates  that  the 
water  has  risen  from  the  water-bearing  stratum.  Such  a  rise  indi- 
cates that  the  underground  water  is  under  pressure  and,  thei-efore, 
in  the  general  sense  of  the  word,  artesian. 

This  artesian  rise  of  water  varias  in  different  portions  of  the  region. 
To  the  south  it  attains  70  feet  in  the  railroad  well  at  Lake.     But 
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nowhere  in  the  southern  portion  of  the  district  is  the  rise  consid- 
erable enough  to  give  much  hope  of  obtaining  artesian  flows. 

The  most  encouraging  information  was  obtained  in  the  vicinity  of 
Lind,  where  the  town  well  has  water  standing  within  30  feet  of  tlw* 
surface,  having  risen  some  250  feet  by  artesian  pressure.  Another 
well  was  recently  bored  there  for  the  Northern  Pacific  Railway  Com- 
pany to  a  depth  of  225  feet.  The  water  was  in  a  porous  rock  which 
extended  from  within  60  feet  of  the  surface  to  the  bottom,  where  the 
principal  flow  was  obtained.  The  water  rose  200  feet,  to  the  top  of 
bed  rock.  Another  well  in  Lind  Coulee,  a  short  distance  below  tbe 
town,  tapped  water  which  quickly  rose  to  within  3  feet  of  the  surface, 
but  sank  afterwards  some  20  feet.  The  latter  fact  is  accounted  for 
on  the  supposition  that  the  loose  surface  material  was  packed  and 
rendered  partly  impervious  by  the  friction  of  the  drill  rope,  but 
became  porous  again  after  the'  water  had  washed  the  fine  material 
from  the  sides  of  the  bore.  A  consideration  of  this  case  should 
enforce  the  important  lesson  that  the  failure  of  the  water  to  reach 
the  surface  may  often  be  due,  not  to  lack  of  sufficient  pressure,  but 
to  leakage  through  porous  material  forming  the  sides  of  the  upper 
portion  of  the  well.  There  seems  to  be  very  good  reason  for  the 
hope  that  artesian  water,  at  least  in  small  quantity,  might  be  obtaiiieii 
at  Lind  by  properly  casing  the  wells. 

Northward,  in  the  neighborhood  of  Ritzville,  a  rise  generally 
occurs.  The  water  seems  to  lie  at  an  average  depth  of  about  300 
feet  l)elow  the  upland  surface,  from  which  depth  it  is  forced  up  bv 
artesian  pressure  from  50  to  100  feet,  resting  from  250  to  200  feet 
below  the  general  plateau  level.  In  the  town  well  at  Ritzville  the 
water  surface  lies  less  than  100  feet  below  the  nearest  point  in  the 
coulee  bottom.  In  the  mill  well  at  Odessa  the  water  has  risen  within 
40  feet  of  the  surface,  or  within  17  feet  of  the  top  of  the  basalt.  In 
a  well  110  feet  deep  in  sec.  30,  T.  19,  R.  33,  the  water  comes  within  20 
feet  of  the  mouth,  and  probably  escapes  by  leakage.  Attention  is 
called  to  the  importance  of  the  fact  that  a  rise  of  water  in  the  w^ells 
is  very  general  throughout  the  region.  This  matter  will  receive  fur- 
ther discussion  in  the  sequel. 

Another  phenomenon  indicating  the  distant  source  of  the  water  is 
a  lateral  flow  noted  in  one  or  two  cases  and  shown  by  the  washing 
away  of  the  drillings. 

In  regard  to  the  quality  and  quantity  of  the  water  a  few  general 
statements  may  be  made.  Nearly  all  of  the  deep  w^ells,  so  far  as 
known,  yield  a  supply  sufficient  to  meet  all  demands  for  present  uses, 
and  one  that  remains  constant  throughout  the  year.  The  largest 
supply  known  to  have  been  furnished  was  given  by  the  Ritzville 
city  well,  which  was  guaranteed  by  the  contractors  to  furnish  5,000 
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gallons  an  hour  and  which  has,  in  fact,  furnished  a  stream  of  that 
volume  for  twenty-four  hours  without  perceptible  lowering.  The 
quality  of  the  deep  waters  is  generally  excellent  and  far  superior  to 
that  of  surface  wells  or  springs,  the  underground  water  being  soft 
and  of  good  flavor.  Regarding  temperature,  the  data  gathered  were 
too  meager  to  form  the  basis  of  discussion,  but  there  is  as  usual  a 
general  increase  of  temperature  with  depth. 

HABTLINE   DISTBICT. 

The  Hartline  district  is  defined  as  comprising  the  western  part  of 
the  valley  traversed  by  the  branch  line  to  Coulee  City,  in  which  lie 
the  villages  of  Parnell,  Wilbur,  and  Hartline. 

Structure. — The  layers  of  basalt  beneath  Hartline  Valley  have 
been  gently  flexed  into  a  synclinal  or  trough-like  form,  limited  on  the 
south  by  a  low,  gently  arching  swell  and  on  the  north  by  a  plateau. 
The  western  end  of  the  valley  meets  the  Grand  Coulee  almost  at  its 
own  level  and  is  faced  by  the  moderate  slope  up  which  the  road  to 
the  plateau  beyond  is  laid.  This  slope  is  in  a  measure  conformable 
w  ith  the  structure  of  the  basalt  underlying  it,  the  layers  of  basalt 
being  turned  up  in  such  a  way  as  to  close  up  the  western  end  of  the 
syncline.  The  eastern  end  of  the  Hartline  trough  was  not  visited, 
but  observations  from  a  moving  train  give  reason  to  believe  that  its 
bottom  rises  in  that  direction  and  that  the  syncline  dies  out  upon  the 
high  plateau  land.  The  Hartline  district  therefore  seems  to  lie  in 
a  spoon-like  structural  depression,  a  fact  wliich  in  itself  favors  the 
hope  of  obtaining  artesian  water. 

Topography, — ^The  greatest  imperfection  in  the  Hartline  basin  is 
its  deep  dissection  by  the  Grand  Coulee.  The  northern  portion  of 
the  coulee  lies  nearly  400  feet,  and  the  southern  portion  below  the 
old  cataract  nearly  800  feet,  lower  than  the  floor  of  the  valley  at 
Hartline.  The  close  proximity  of  a  chasm  so  deep  must  have  a  very 
considerable  effect  in  reducing  pressure  in  the  basin  by  affording 
opportimities  for  leakage  from  the  water-bearing  strata. 

Supply. — In  regard  to  the  source  of  the  underground  water  of  the 
district,  the  remarks  on  that  matter  in  the  description  of  the  southern 
wheat  lands  apply  equally  in  this  place.  The  principal  area  of 
absorption  probably  lies  on  the  high  land  to  the  east,  but  the  writer 
can  supply  no  data  based  on  actual  observation. 

Well  records. — Theoretical  consideration  of  the  conditions  in 
Hartline  Valley  do  not,  on  the  whole,  indicate  very  decisively  the 
existence  of  a  true  artesian  basin,  and  the  evidence  of  the  wells,  as  in 
the  case  of  the  southern  wheat  lands,  will  be  useful  in  aiding  a  judg- 
ment on  the  possibility  of  obtaining  surface  flows.  Most  of  the 
data  exhibited  in  the  following  table  have  been  supplied  by  Mr.  J.  A. 
Wilburn,  of  Hartline,  one  of  the  principal  drillers  of  the  district. 
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Partial  list  of  wells  in  the  Hartline  district^  Washingtcn^ 


Owner. 


Locality. 


Depth 
to 
Depth.  1  water 

BBT- 


Thick- 

nesBof 

soil. 


33.  Wasapa Sec. 

34.  H.  Childs Sec. 

35.  Tom  Elder -See. 

36.  Do Sec. 

37.  Rodgers Sec. 

38.  J.  Harris Sec. 

39.  Sinclair  Bros Sec. 

40.  Do Sec. 

41.  Jim  Hill Sec. 

42.  A.  J.  Bnrke Sec. 

43.  John  McDonald..  Sec. 
44    Bnckhannon Sec. 


14,  T.  24,  R.  29 
19,  T.  24,  R.  30 
18,  T.  24,  R.  30 
12,  T.  24,  R.  30 
7,T.24,R.30. 

4,  T.  24,  R.  30  . 
29,  T.  25.  R.  30 
33,  T.  25,  R.  30 
6,  T.  25,  R.  30  . 
25,  T.  25,  R.  29 
24,  T.  25,  R.  29 
11,  T.  25,  R.  29 


Remarks. 


No  ^nater. 


210 

196 

22 

137 

83 

20 

293 

198 

13 

242 

42 

32 

116 

65 

45 

184 

40 

28 

173 

40 

16 

Water  in  a  crev- 
ice. 


Do. 


The  water  is  said  by  Mr.  Wilburn  to  occur  generally  in  *'  brown 
gravel,"  though  it  is  more  probable  that  the  material  thus  desig:nate<l 
is  fragmental  or  scoriaceous  basalt  rather  than  true  alluvial  gravel. 
In  two  cases,  however,  the  water  was  found  in  a  crevice,  which  may 
have  been  either  a  joint  opening  or  a  space  between  two  flows,  formed 
in  the  manner  described  on  page  68. 

The  figures  in  the  third  column  are  of  especial  interest.  In  the 
last  4  wells  of  the  list  the  water  has  risen  to  within  short  distance^i  of 
the  surface,  varying  from  40  to  65  feet.  In  the  Hill  well  it  is 
within  10  feet  of  the  top  of  the  basalt.  In  the  other  wells  on  higher 
ground  the  water  has  generally  risen,  but  the  pressure  has  not  been 
sufficient  to  lift  the  water  as  near  the  top  as  in  the  other  cases.  The 
general  rise  of  water  indicates  considerable  underground  pressun». 
and  gives  reason  to  hope  that  artesian  flows  might  be  obtained  from 
the  lower  wells  if  they  were  properly  cased. 

QUINCY   DISTfelCT. 

This  district  comprises  the  northwest  quarter  of  what  has  been 
termed  the  desert,  upon  the  northern  border  of  which  lies  the  small 
hamlet  of  Quincy,  where  4  drilled  wells  have  been  sunk. 

Structure, — Quincy  lies  in  a  structural  depression,  though  the  faci 
is  not  evident  at  once,  since  the  basin  is  a  broad  one  and  has  been 
greatly  marred  by  erosion.  Just  north  of  the  village  a  structural 
slope  rises  to  the  ridge  overlooking  Willow  Springs,  and  18  miles  to 
the  south  a  low  arch  forms  the  opposite  side  of  the  east- west  trough. 
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Far  to  the  east  the  basalt  rises  to  the  wheat-lands  plateau,  and  to  the 
west  the  lava  flows  are  turned  up,  forming  the  long  gentle  slope  of 
Table  Mountain. 

Topography, — If,  however,  only  the  upper  portion  of  the  basalt 
series  is  considered,  it  appears  that  the  Quincy  basin  is  merely  a 
trough,  open  at  both  ends.  The  Grand  Coulee  and  its  southern  con- 
tinuation have  cut  down  at  least  150  feet,  and  the  Columbia  800  feet, 
below  the  top  of  the  basalt  series.  The  proximity  of  the  river  gorge 
is,  of  course,  disadvantageous. 

Supply. — Only  a  small  amount  of  water  can  be  supplied  to  the 
upper  strata  of  the  basalt  series  from  the  ridges  north  and  south  of 
the  Quincy  basin,  on  which  the  rainfall  is  extremely  light.  There 
may  be  a  slight  contribution  from  middle  Crab  Creek,  though  there 
is  no  positive  evidence  of  the  fact.  The  deeper-lying  porous  beds 
may  draw  a  supply  from  the  far-distant  elevated  land  east  of  the 
Ritzville  region,  but  it  is  doubtful  whether  there  are  any  such  beds 
continuous  for  so  great  distances. 

Well  records. — On  the  whole,  the  uncertainty  of  supply,  combined 
with  the  deep  dissection  of  the  basin,  discourages  the  hoi>e  of  obtain- 
ing surface  flows,  at  least  any  of  moderate  depth,  in  the  Quincy 
district.  The  well  records,  of  which  a  list  follows,  confirm  these 
inferences: 

List  of  toella  in  the  Quincy  district y  Washington. 


Owner. 


Location. 


Marble. 


Sec.  12,  T.  20,  R.  24 

Do 

Do 

Sec.  6,  T.  20,  R.  24 . 


Total 
depth. 


Feet. 
194 
194 
260 
330 


Depth  to  Depth  of 
water.   I  Hoil,  etc. 


Feet. 

Feet. 

190 

40 

190 

40 

190 

40 

190 

22 

The  water  is  found  in  soft  material  that  seems  to  bo  basaltic  tuff. 
Two  soft  layers  were  penetrated  in  the  Marble  well  and  one  in  the 
wells  in  the  town  itself. 


ABEAS   WITHOUT  DEEP   WELLS. 


Desert  near  lower  Crab  Creek. — In  the  region  between  Saddle 
Mountain  and  the  next  ridge  north  the  conditions  are  very  similar 
to  those  that  obtain  in  the  Quincy  district.  Between  these  two  anti- 
clinal ridges  is  a  synclinal  trough,  rising  in  a  general  w^ay  toward  the 
wheat  lands  at  the  east  and  closed  at  the  west  by  the  structural  slope 
of  Table  Mountain. 
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Topographically  this  area  is  generally  lower  than  the  Qiiincy  dis- 
trict. It  is  bordered  on  the  west  by  Columbia  Canyon,  which  here  i< 
not  very  deep,  and  is  trenched  by  Crab  Creek  coulee  in  its  central 
and  southern  portions. 

The  conditions  of  supply  for  this  desert  section  seem  to  be  unfavor- 
able, for  it  is  bordered  on  all  sides  by  arid  country.  A  large  portion 
of  the  front  of  Saddle  Mountain  is  a  cliff,  along  which  no  water 
could  be  furnished  to  the  porous  beds  underlving  the  region  north 
of  it. 

The  conclusion  reached  by  consideration  of  natural  conditions  and 
by  comparison  with  other  districts  is  that,  while  water  could  probably 
be  obtained  from  deep  w^ells  sunk  down  as  far  as  the  level  of  Crab 
Creek,  there  would  be  no  reasonable  hope  of  obtaining  artesian  flows 
in  this  portion  of  the  desert. 

Bench  south  of  Saddle  Mountain, — This  broad  unwatered  area  is 
underlain  by  Ellensburg  beds,  which  in  turn  lie  upon  basalt^  with 
interbedded  acidic  tuff  and  sandstone.  The  base  of  the  Ellensburg 
and  portions  of  the  upper  layers  in  the  basalt  series  are  exposed  along 
the  slope  of  Saddle  Mountain  and  far  to  the  east.  The  district  is  on 
the  marginal  portion  of  a  great  structural  basin,  in  which  lie  Pasco 
and  the  Rattlesnake  Desert. 

The  strata  underlying  the  broad  expanse  of  this  l>ench  are  so  ex- 
tensively dissected  by  the  Columbia  that  there  seems  nothing  to  war- 
rant expectation  of  their  containing  water  under  sufficient  pressure 
to  rise  to  the  surface.  There  is  little  doubt,  however,  that  w^ater 
could  1x5  obtained  in  this  district  from  wells  of  moderate  depth.  The 
abundant  flow  of  cool  water  from  Harrison  Springs  appe^irs  to  indi- 
cate the  presence  of  a  saturated  bed  at  no  very  great  distance  below 
the  surface,  but  the  water  in  this  layer,  finding  such  free  outlet  at  the 
springs,  can  not  be  under  sufficient  pressure  to  raise  it  very  far  above 
their  level. 

The  terrace  land  near  the  head  of  White  Bluffs  and  across  the 
Columbia  is  lower,  and  therefore  more  favorably  situated.  It  has 
not  been  sufficiently  examined  by  the  writer,  however,  to  entitle  him 
to  a  very  definite  opinion  in  regard  to  the  prospects  of  artesian  water. 
The  arid  character  of  the  surrounding  countrv  and  its  dissection  bv 
Columbia,  Yakima,  and  Snake  rivers  are  unfavorable  features. 

Two  experimental  borings  have  been  made  in  this  region.  One  i.^ 
at  Pasco,  where  a  well  has  been  sunk  and  cased  to  a  depth  of  about 
400  feet  in  sandstone  without  obtaining  a  flow.  The  second  is  on  the 
right  bank  of  the  Columbia,  below  Craig's  ranch,  where  a  boring  400 
feet  deep  has  been  made  without  any  successful  result.  This  hole 
had  been  abandoned  at  last  accounts,  owing  to  the  loss  of  the  drilling 
tools.     Neither  of  the  borings  described  reached  basalt,  and  neither 
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seems  to  furnish  conclusive  evidence  that  artesian  water  couhl  not 
l>e  obtained  in  the  low  arid  region  south  of  the  area  examined  in  this 
reconnaissance. 

KITTITAS   VALLEY. 

Stratigraphy, — Sections  of  the  Ellensburg  beds,  wherever  studied, 
liave  shown  an  alternation  of  layers  varying  in  coarseness,  which  is 
favorable  to  the  conservation  of  artesian  water  under  pressure.  In 
the  A\Tiit^  Bluff  section  such  alternation  has  been  noted.  In  Kittitas 
Valley  the  Ellensburg  beds  exposed  in  numerous  sections  are  found 
to  consist  of  gravels,  sandstones,  and  fine  silty  stuff  in  frequent 
alternation.  The  lowermost  part  of  the  section,  according  to  Mr. 
George  Otis  Smith,  contains  a  large  proportion  of  gravel,  and  is 
therefore  especially  adapted  to  store  a  large  quantity  of  water,  which 
would  be  confined  between  the  basalt  below  and  the  siltv  materials 
above.  The  basal  portion  of  the  Ellensburg  in  Kittitas  Valley  there- 
fore seems  well  fitted  by  its  lithologic  character  to  serve  as  an  artesian 
reservoir. 

The  Ellensburg  beds  underlie  the  floor  of  Kittitas  Valley  to  a 
depth  of  several  hundred  feet,  possibly  a  thousand  fe(»t  or  more.  In 
the  Moxee  basin  artesian  water  is  found,  at  depths  generally  ranging 
between  600  and  1,000  feet,  near  the  base  of  the  Ellensburg  forma- 
tion. It  is  probable  that  if  artesian  water  is  to  be  found  in  Kittitas 
Valley  it  will  probably  be  in  the  same  stratigraphic  position  and  at 
about  the  same  depths. 

Structure. — The  structure  of  Kittitas  Valley  may  best  be  compre- 
hended by  reference  to  the  map  and  structure  sections.  It  will  be 
seen  that  the  dips  on  all  sides  of  the  valley  converge  toward  its  center, 
and  that  the  basin  structure  is  complete  though  not  simple.  The 
form  of  the  basin  may  be  roughly  reproduced  by  taking  a  sheet  of 
paper  and  pinching  up  a  wrinkle  in  one  end,  when  a  scoop  that  will 
hold  water  will  be  formed.  The  wrinkle  is  represented  by  the  anti- 
clinal ridge  between  Clerf  Springs  and  the  main  southeastern  contin- 
uation of  Kittitas  Valley,  known  as  the  "  Badger  Pocket." 

Topography. — ^The  structural  conditions  here  seem  to  fulfill  the 
artesian  requirements  almost  ideally.  The  cross  section  of  the  valley 
^.hown  in  PI.  II  might  well  serve  as  a  diagram  of  a  typical  basin. 
Like  nearly  all  structural  basins,  however,  its  rim  is  cut  by  a  stream 
which  exposes  the  edges  of  the  water-bearing  series  from  top  to 
bottom,  and  we  have  to  consider  to  what  extent  the  pressure  is  thus 
diminished  by  leakage.  General  considerations  already  stated  in  the 
theoretical  discussion  of  artesian  conditions  lead  to  the  belief  that  the 
exposures  in  the  narrow  canyons  by  which  the  river  enters  and  leaves 
the  broad  valley  are  not  extensive  enough  to  cause  great  less  of  pres- 
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sure.     Another  consideration  urged  by  Mr.  Smith  "  may  also  lie  noiecl 
here. 

The  Moxee  artesian  basin  is  cut  bv  Yakima  River  in  exactly  the 
same  manner  as  the  Kittitas  basin.  Mr.  Smith  considers  that  leakag^p 
at  the  low  outcrops  in  the  Yakima  gap  has  been  to  a  large  extent  pre- 
vented by  the  action  of  mountain-making  pressure,  which  has  pro- 
duced intense  folding  along  the  southern  side  of  the  Atanuni-Moxi-*- 
valley,  and  has  incidentally  compacted  and  indurated  the  beds  of 
sandstones.  Mr.  Smith  cites  evidence  of  similar  intense  dvnami< 
action  at  the  head  of  Yakima  Canyon,  and  suggests  that  leakage  at 
this  point  may  be  largely  prevented  in  the  manner  indicated.  TMiilc 
the  present  writer  is  hardly  inclined  to  concede  to  this  agency  the 
degree  of  efficiency  «that  Mr.  Smith  ascribes  to  it,  he  believes  that  it 
may,  by  increasing  the  resistance  to  leakage,  help  to  maintain  pres- 
sure in  the  water-liearing  strata. 

Supply, — The  supply  of  water  for  the  reservoir  strata  in  this  case 
must  be  imbibed  along  the  outcrop  of  the  base  of  the  Ellensburg  on 
the  surrounding  hills.  This  supply  will  not  consist  solely,  however, 
of  rain  water  falling  on  the  sloixjs  and  immediately  absorbed,  but  may 
be  largely  augmented  by  leakage  from  the  bottoms  of  streams  that 
flow  across  the  upturned  edges  of  the  sandstones. 

Probably  the  greater  portion  of  the  water  that  ^nds  its  way  into 
the  Ellensburg  sandstones  of  tliis  valley  comes  from  the  slopes  of 
Table  Mountain  to  the  north  and  northeast.  The  outci-op  aloni^ 
this  slope  is  probably  washed  by  more  rain  than  falls  in  other  portions 
of  the  vallev,  and  is  crossed  bv  a  crreat  number  of  streams  which  can 
hardly  fail  to  make  some  contribution  to  the  underground  supply. 
On  the  whole  a  large  amount  of  water  must  enter  the  Ellensburjj 
sandstones  along  its  very  extensive  high  outcrops,  and  should  be 
sufficient  to  supply  many  flowing  wells. 

Well  recordH, — As  ifiay  l)e  gathered  from  the  preceding  para- 
graphs, the  c(mditions  of  structure,  stratigraphy,  topography,  an<l 
supply  all  seem  to  favor  the  hope  of  obtaining  artesian  water  in  this 
valley.  But  to  many  practical  persons  it  may  seem  that  the  conclu- 
sions arrived  at  by  theoretical  deduction  are  less  valid  than  evidence 
derived  by  actual  exi:)eriment.  Some  attempts  ha\'e  been  made  tf> 
obtain  artesian  water  in  this  district,  without  any  positive  success.  It 
will  be  well  to  review  the  results  of  well  digging  in  the  Ellensburir 
sandstones,  and  to  try  to  judge  the  value  of  the  evidence  derived  in 
this  manner. 

Information  was  obtained  from  Mr.  Joseph  Preece  of  several 
hand-dug  and  drilled  wells  in  the  southeastern  part  of  the  valley.  They 
]>enetrate  the  Ellensburg  sandstones  to  slight  depths  only,  an<l  prob- 


«  Smith,  G.  (>.,  Geologry  and  water  resonrfes  of  a  portion  of  Taklma  County,  Wa^h.:  Wat^r- 
Sup.  and  Irr.  Paper  No.  55,  U.  S.  Geol.  Survey,  1901,  p.  41. 
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ably  do  not  approach  the  base  of  the  series  by  hundreds  of  feet.  On 
the  Stoney  ranch,  (5  miles  southeast  of  the  Preece  ranch,  there  is  a 
well  150  feet  deep  in  which  the  water  rose  25  feet  after  the  water- 
l>earing  layer  was  first  struck. 

In  an  old  well  45  feet  deep  on  the  Preece  ranch,  dug  by  the  owner, 
the  water  rapidly  rose  10  feet  from  the  bottom,  though  the  sides 
had  remained  perfectly  dry  until  the  water-bearing  stratum  was 
struck.  The  water  was  soft,  noticeably  warm,  and  maintained  a 
constant  temperature  throughout  the  year,  so  that  it  would  "  steam  " 
in  the  cold  air  of  winter.  The  warmth  of  the  water  at  so  moderate 
a  depth  indicates  its  derivation  from  a  distant  source,  and  its  sudden 
rise  from  the  water-bearing  layer  shows  it  to  be  under  pressure.  In 
short,  the  water  is  artesian  in  the  broad  sense  of  the  word.  No 
attempt  was  made  to  case  the  wells  or  to  determine  by  a  test  how  far 
the  water  would  rise  in  an  open  tube  connected  with  the  porous 
stratum  if  it  were  prevented  from  escaping  except  by  way  of  the 
tube. 

The  Sanders  well,  north  of  Ellensburg,  which  is  the  only  deep 
boring  ever  sunk  in  Kittitas  Valley,  is  said  to  have  reached  basalt 
after  passing  through  700  feet  of  sandstone  and  clay.  '  The  tools  were 
lost  at  that  depth  and  the  well  was  abandoned  with  the  water  stand- 
ing 40  feet  below  the  surface.  The  negative  result  of  this  experi- 
mental boring  has  l)een  pretty  generally  accepted  as  demonstrating 
the  futility  of  any  further  attempts  to  obtain  artesian  water  in 
Kittitas  Valley." 

Before  we  ac(*cpt  this  discouraging  vie\v,  however,  we  should  ascer- 
tain whether  the  record  is  trustworthy  and  whether  the  well  was 
properly  cased.  On  neither  point  has  the  w^riter  been  able  to  obtain 
satisfactory  information.  There  is  reason  to  believe,  however,  that 
the  driller  was  both  inexperienced  and  incompetent,  and  altogether 
imfit  to  be  intrusted  with  the  important  task  of  boring  an  experi- 
mental well.  The  evidence  afforded  bv  the  Sanders  well,  therefore, 
should  by  no  means  be  accepted  as  conclusive. 

But  we  are  not  without  positive  evidence  in  a  strong  degree  contra- 
dictory to  that  just  considered  in  the  phenomena  at  the  Clerf  Spring. 
Clerf  Spring  is,  in  effect,  a  natural  flowing  artesian  w^ell.  A  well 
was  bored  near  the  spring  in  1900  in  the  hope  of  augmenting  the  sup- 
ply obtained  froin  the  spring,  with  the  result  that  water  was  obtained 
at  a  depth  of  40  feet  below  the  surface  of  the  basalt,  which  rose  to  the 
surface  in  an  open  pipe.  The  drilling  at  this  point  was  made  with 
poor  machinery  and  by  an  incompetent  driller.  The  hole  has  been 
abandoned  and  allowed  to  cave  in  about  the  top,  though  it  is  probable 

■  Ru8s«)I,  I.  C  Oeolos^ical  reconnaiBsancc  in  central  W^ashlngton :  Bull.  U.  S.  Geol.  Sur- 
vey No.  108,  1893,  p.  69. 
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that  n  more  generous  supply  could  be  obtained  by  going  deeper.  The 
well  as  it  stands  gives  no  new  evidence,  however,  beyond  that  afforde<l 
by  the  spring,  which  demonstrates  the  existence  beneath  this  locality 
of  underground  water  imder  pressure  sufficient  to  force  it  up  to  a 
level  considerably  higher  than  that  of  the  floor  of  the  valley. 

After  a  consideration  from  a  theoretical  standpoint  of  the  natural 
conditions  obtaining  in  the  district  and  an  examination  of  the  evi- 
dence afforded  by  existing  wells,  the  writer  is  confident  that  artesian 
flows  would  be  obtained  at  most  points  in  the  valley  floor  lying  below 
the  level  of  Clerf  Spring  by  properly  constructed  wells  reaching  to 
the  base  of  the  EUensburg  serie«s.  Anyone  intending  to  prospect  for 
an  artesian  supply  should,  however,  intrust  the  task  of  boring  to  a 
driller  of  known  skill,  experience,  and  integrity. 

If  the  possibility  of  tapping  an  artesian  reservoir  be  admitted,  how- 
ever, it  still  remains  open  to  question  whether  the  expense  of  deep 
borings  would  be  justified,  in  view  of  the  prospective  construction  of 
high  ditches  from  the  upper  Yakima  River.  WTien  the  proposed 
ditches  shall  have  been  built  they  may  efficiently  supply  all  the  area 
above  and  beyond  tjie  present  irrigation  ditches  that  could  be  bene- 
fited by  an  artesian  supply.  It  may,  however,  be  considered  desirable 
to  have  a  town  water  supply  from  a  deep  source  free  from  the  danger 
of  polution,*  which  is  never  entirely  absent  from  surface  streams. 

SUGGESTIONS  IN  REGARD  TO  DEEP  WELLS. 

A  few  suggestions  may  appropriately  be  given  here  to  guide  drill- 
ers and  others  interested  in  deep  wells,  and  especially  to  direct  intelli- 
gent prospecting  for  artesian  water. 

TESTING  ABTESIAN   FRE86UBE. 

It  is  remarkable,  in  view  of  the  encouraging  indications  of  luider- 
ground  pressure  afforded  by  certain  wells  ii\  the  vicinity  of  Hartlint* 
and  of  Lind,  that  no  tests  whatever  have  been  made  in  the  wheat 
lands  to  determine  definitely  whether  artesian  flows  might  be  obtainetl 
from  properly  cased  w^ells.  A  few  such  tests,  intelligently  madi\ 
might  show,  at  no  great  expense,  the  existence  of  an  important  natural 
resource  in  the  region.  The  development  of  flowing  artesian  water 
would  not  only  benefit  the  landowners,  but  the  drillers  as  well,  for  it 
would  enhance  the  demand  of  their  services.  It  would  therefore 
be  to  the  interest  of  drillers  to  provide  themselves  with  the  simple 
apparatus  necessary  and  to  test  the  underground  pressure  wherever 
there  appears  reasonable  hope  of  obtaining  a  surface  flow. 
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A  general  description  of  the  kinds  of  apparatus  used  and  of  the 
methods  and  principles  involved  in  such  tests  is  given  in  the  follow- 
ing extract  from  Chamberlin's  admirahle  essay  on  artesian  wells:" 

Control  of  floio.—U  Is  clear,  upon  consMtrntlon,  that  perfect  control  iiuiy  l>e 
obtained  by  putting  tlown  a  tiilve  to  the  densest  portion  of  the  upper  confialng 
lJe<I,  if,  by  some  tlevice,  the  space  aurroundlng  It  may  l>e  closed 
>i|)  so  that  uo  water  can  rise  outside  of  the  tube.  Formerly 
this  wiiR  done  by  a  very  simple  and  Ingenious  device  linown 
us  the  need  bug  <flg.  7).  A  long,  stout  leather  bag  Is  made  In 
the  form  of  a  cylinder,  open  iit  both  ends,  nnd  just  the  size  of 
tbc  well  bore.  This  Is  slipped  on  the  lower  end  of  the  pliie, 
mid  the  bottom  of  the  hag  securely  fastened  about  the  tube  by 
wrapping  with  marline.  A  thimble  Just  above  the  tie  will 
alii  In  preventing  slipping.  It  Is  then  Blled  with  dried  flax- 
seed,  and  tbe  upper  end  likewise  closed  around  the  tube. 
When  thus  adjusted  It  Is  lowered  into  the  well  to  the  point 
determined  upon  and  supported  there  until  the  seeds  swell  by 
absorbing  water.  This  enlarges  the  bag  so  as  to  Qt  the  bore 
tightly  and  shut  off  all  water  froui  rising  outside  tbR  pipe, 
and  so  all  Is  compelled  to  ascend  through  tbe  tube  to  the  sur- 
face, or  at  least  ns  high  as  the  pressure  Is  competent  to 
force  It 

A  better  and  more  convenient,  but  more  expensive,  packing 
takes  advantage  of  the  expansion  of  rubber  disks  when 
pressed  together,  Instead  of  the  swelling  of  flaxseed.  A  series 
of  thick,  washer-like  rings  of  rubber  are  fitted  about  a  section 
of  pipe,  so  adjusted  between  Iron  disks  that,  after  being  put 
down,  they  csn  be  screwed  together  and  so  caused  to  expand  w^°i  ftelivery 
laterally  and  completely  fill  the  bore.  t^tlii*!«J  o?  the 

The  cunstruction  of  the  parts  and  their  adjustment  are  well,  and  tanni- 
sufficlently  Indicated  in  the  accompanying  figures,  which  illus-  ^15i^!SleaUi* 
trate  one  of  the  forms  In  use.  I""  '"F^'iijjT"^ 

In  a  form  employed  In  the  oil  regions  tbe  expansion  of  the  marline  wrap- 
ruhtter  disks,  or  of  a  single  cylindrical  one.  is  accompllsheil  Ehe«idar cbeMed 
by  pressing  a  conical  hollow  wedge  l)etween  the  pipe  and  the  v?*Vj'V'*' *''''"■ 
rings,  thus  forcing  them  out  against  tbe  walls  of  the  well. 

In  this  case  the  packing  Is  8upi>orted  by  n  perforated  tube — an  "  anchor  "— 
reaching  to  tbe  txtttom  of  the  well.  As  the  paclclng  In  artesian  welts  Is  often 
located  near  the  top,  the  necessity  (or  support  from  below  excludes  this  form  In 
most  cases. 

Delcclion  of  Jloio. — It  has  been  remarked  abore  that  the  water  may  rise  from 
tlie  bottom  to  some  higher  portion  of  the  well  and  there  find  escape  by  passing 
off  laterally  through  tlie  upi)er  strata.  In  the  absence  of  control  the  water 
does  not  always  rise  and  overflow.  It  Is  a  matter  of  some  pmi-tical  moment, 
therefore,  to  know  when  a  stream  is  struck  which  may  yield  a  flow  nt  the  sur- 
face when  put  under  proper  control.  (1)  Such  a  strenm  usually  discovers 
Itself  by  a  rise  of  water  in  the  well,  but  this  Is  not  always  the  case.     (2)  Sonie 
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influence  on  the  action  of  the  drill  is  liable'  to  be  felt,  which  may  aroui«e  sus- 
picion. (3)  In  any  inntunce  of  a  strong  flow  the  drillings  are  apt  to  lie  <'nrrieii 
away,  so  that  when  the  sand  pump  fails  to  bring  these  up,  or  brinp;  only 
coarser  material,  there  is  good  reason  to  l>elleve  that  a  stream  has  been  struck, 
and  the  |)roper  tests  should  be  made.  In  enterprises  that  do  not  re<|uin*  a 
voluminous  flow,  tests  should  usually  be  made  when  such  indications  appe:ir. 


Fig.   8. — Rubber   packing,   shown  apart.  Fio.  9. — Rubber  packing,  shown  screwed 

a.  Section  of  delivery  tube,  extending  to  the  together  as  it  is  in  the  well.  <After 
surface;  b,  a  large  thimble  Into  which  k  Chamberlln.) 
screws ;  e,  an  Iron  washer ;  c.  a  set  of  rub- 
ber disks  fitting  on  k,  between  b  and  d :  k, 
a  section  of  pipe  on  which  Is  turned  a  long 
screw  fitting  In  the  thimble  b;  d,  a  disk 
forming  the  head  of  the  screw  k;  h,  a  sec- 
tion of  pipe  extending  alx>ut  2  feet  below 
the  packing;  i,  a  spring  to  press  against 
the  walls  and  hold  the  pipe  h  while  the 
section  a  and  thimble  b  are  screwed  upon  k. 
(After  Chamberlln.) 

It  is  ordinarily  desirable  to  test  the  capacity  of  any  stratum  which  gives  any 
of  these  or  other  indications,  before  sinking  to  a  lower  one.  It  is  advisable  t«» 
make  provision  in  the  contract  for  such  tests,  since  it  is  not  always  to  the  inter- 
est of  the  driller,  once  his  machinery  is  set  up  and  well  at  work,  to  stop  at  the 
more  limiteil  depth.  The  capabilities  of  the  flow  may  be  testetl  by  the  use  of  a 
tube  and  seed  bag,  or  by  nibber  packing,  as  explained  above. 

Negative  and  false  tests, — It  is  possible,  in  [perfect  honesty,  to  make  lM>th  a 
negative  and  a  false  test.  Suppose  the  two  |K>rous  beds,  A  and  B  (fig.  10). 
separatetl  i)y  an  impervious  layer,  are  travei>ied  and  the  testing  of  the  first 
has  l)een  neglected,  either  because  it  failed  to  give  encouraging  Indications  or 
for  other  reasons.  It  is  now  desired  to  test  these.  Supix»se  the  seed  bag  or 
rubber  packing  be  placeil  above  the  ui>per  one.     Now,  if  both  bear  a  water 
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I<'v«>l  equally  lilKb.  thp  test  wlU  Iw  fairly  made  iiuil  the  result  wHI  luUlcate 
tli<>ir  oiinililiipil  ('ii|Ki<-ity.  or  If  iHith  lieiiilc  ure  iit  letmt  dm  liigh  ae  tlte  surface  at 
tlu*  well  the  test  may  be  .■ufe|it«l.  But  suii|)ose  tliat  tUe  l)«l 
.1  >iiiB  been  t-ut  iuto  by  eroelou.  or  l>eeu  reiK-lieii  liy  crevlt'es, 
*>r  is  othern'lite  defective,  wlille  the  other,  H,  I'eiuaitiK  Intact 
iiiitl  bears  uu  elevated  fountain  heiid,  ITuder  these  ii>iidit1oDa 
tlR>  water  iiitiy  How  from  B  through  the  bore  Into  A  and 
fs<'iL|>e  laterally  through  it  as  UluHtnited  In  the  flgure.  Now. 
ill  this  (line  tlie  result  may  be  either  sliniily  negative  or  ikmI- 
tlvcly  firise  niid  nilaleadlng.  If  the  lateral  leakage  through 
tilt'  Htnitnm  .1  elTectuiilly  dlsiMmtl  of  the  How  from  B  and 
tliere  wns  no  leakage  In  the  niifier  iwrtlun  of  the  well,  the 
water  In  the  test  tube  would  ntand  during  the  tent  at  ettsen- 
tially  the  xiiuie  tielght  as  t>efore,  and  the  result  would  be 
negative,  merely  falling  to  Indicate  a  imjhxI- 
-  blllty  that  really  existed.     If.  on  the  other 

hand,  there  was  lateral  leakage  through  the 
upiier  HtratH  as  well  an  through  .t,  neither 
nlone   lieing   quite   (-iiiu|)etent   to   diH[>ose   of 
the  flow   from   H,   then   the   introduction   of 
the  tent  piiie  would  cut  off  the  U|i|>er  leak- 
age, leaving  the  bed  .1  unable  to  disirase  of       Pio.  lo.— Sectbra 
the  entire  How.     In  thlH  ease  there  would     a'.'^t'iiTS'"* 
be  a  rise  of  water  In  the  tube,  and  iiosBlbly 
a  flow.     The  uiiscblevousuess  of  a  test  of  this  sort  Ilea  In  the 
(act  tliat  It  n]i[>enrH  to  lie  a  true  test,  while  In   i-eality   it  Is 
false  and  mlflleiidlng.     1'be  true  test  In  this  case  can  only  lie 
made  by  )>luelng  the  iiacking  between  the  iMirous  beds  A  nnd  fl. 
2.  Take  smother  luHtance  where  two  [xirous  tieds.  aa  A  and 
B   (flg.  11),  have  been  traverHed.     I^et  the 
Iiackiiig  be  iilai'wl  between  thew.    Then  ( 1 ), 
If  .1  equals  B  In  pro«luctlve  ca[wiclty,  water 
will  xtand   at   the   same   height   within   and 
ShtU         without  the  test  jilpe  If  there  in  uo  leakage 
of  will  lllWtraUiiB      I"  tlie  ui'iier  beds.     (1!)    If  the  failure  to 
'JSr^l^t^  ""^      ""*  "■'"'  •'"^  *''  ^''*^''   lenknge.  then  a   flow 
will   result  from  B.  but  the  additional  flow 
wbioll  might  be  semreil  fixiin  .1  Is  lotit  (see  Hgure).      (It)   If  A 
has  II  grcHter  head  than  H,  and  If  there  Is  no  loss  aiiove,  the 
water  Id  the  test  iiljie  will  actually  lie  lower  than  that  out- 
side, as  Illustrated  In  fig.   12.    This  may  be  snld  to  be  an 
Inverted  test,  and  Is  less  misleading  than  the  false  and  nega-  " 

tive  tests,  sliuv  It  plainly  Indicates  an  ernir  of  manl|iulatlon. 
I  have  known  of  sui'h  a  case  of  redui-ed  head  as  the  result  of 
an  attenititetl  test,     (4)    If,  however,  there  Is  In  this  case  c 

ii>nHlderabte  lateral  waste  In  the  upiier  tttratn.  the  valuable 
flow  from  .4  will  be  lont,  JuHt  as  tiefore  the  test  was  made, 
while  B  may  give  a  rlHe  in  the  tube,  or  even  a  How,  which 
would  foster  tlie  Impression  that  a  fair  test  had  been  made,        pj    ja_Sectkiii 
while   In   reality   the  greater   flow   has   been   lost      (.'i)    If   A      otwelilliiiHtrstlnB 
gives  a  feebler  flow  than  B,  but  has  an  equal  bea<l,  the  test         "  "*  ' 

will   fall   ()f  lieliig  completely  satisfactory  oidy   In   excluding   the  feebler   flow 
from  A.     (li)    If,  however,  A  lias  a  lower  bead  and  Is  a  possible  nicans  of  es(ii|ie 
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tiiT  tbt-  flowage  from  B.  tben  the  packing  has  been  placed  nt  tbe  rigbl  point  ami 
111*  test  Rives  the  beat  reBUlts.i 

3.  In  still  another  cnse  let  A  nnd  B  rei>r<wnt  porons  beds  (flg.  13).  the  lowtr 
of  which  iH  so  conditioned  as  to  drain  the  upper  oiii'  by  virtue  of  a  lower  i>ut 
crop  in  tbe  mauuer  previously  explained  nud  Illustrated,  (t)  If  tbe  draiDsc 
loMS  ttelow  Ih  not  <Y)Uiplete.  uud  If  tbe  jincklDK  Is  pliiced  above  A.  as  tibown  ii. 
Sg.  1:1,  I.  the  result  will  be  negative  If  there  Is  no  leakagi;  In  tbe  upper  str»L*i. 
('_')  Should  there  he  i-nnsldenible  losa  there  It  will  be  cut  off  by  ttie  tnbe  anil 
packing,  and  aoiue  rise  In  tbe  tulie  will  l)e  tbe  result  In  most  casw*.  In  eitb-r 
Instance  the  result  Is  misleading.  p;irtlcularly  In  the  last.  l)e<'HU)ie  tbe  sm^ill 
rise  of  the  water  Is  apt  to  allay  any  8U^>lcion  nn  to  the  eJTectiveoesa  uf  tb^ 
te«t.  The  real  fact.  tion-e\er.  reninlns  that  tlie  Hon-  from  tbe  prraluitfv'' 
stratum  is  mainly  lost  l)elow.  (3)  Suppose  that  tbe  packing  is  located 
l>et\veen  .4  and  B.  as  In  fig.  13,  //,  It  will  then  shut  off  tbe  flow  from  .1. 
while  that  in  6.  because  nf  a  lower  outlet,  will  fall  to  How.  Now,  if  tliere  H 
opportunity  for  lateral  leakni^  In  the  upper  strata  the  water  from  .4  will  ri«f 
In  the  well  outside  of  the  test  pli>e  and  pass  oft  Into  these  open  np]>er  bed.'. 
(4)  But  If  no  sucb  opiiortunlty  la  afforded  It  may  rise  to  the  surface  and  over- 
flow outaiile  of  the  test  pli>e,  while  the  water  within  the  test  pipe  will  probably 
l>e  found  to  be  lower  tiian  before  the  test  was  made. 


Via.  13. — Section  ot  Btrata  and  three  wells,  BbowlDg  one  correct  and  twu  erroneuuii  i.^-.~ 
Tbe  jtroper  method  of  testing  wells  known  or  suspected  to  present  these  con- 
ditions Is  to  sink  a  simple  bag  of  seed  or  other  obstnictlon  to  a  poiut  In  the 
lm])ervlous  stratum  between  A  and  B.  which,  when  It  tightens  in  Its  plnc*^.  will 
shut  off  the  flow  below.  Then  a  tube  with  ))acklng  sunk  to  a  point  above  ,1  will 
effectually  cut  off  all  leakage  In  tbe  upper  strata  and  tbe  full  capacity  of  tbe 
water  bed  .-1  will  l>e  tested. 

These  e.tamplcs,  while  not  exhaustive  of  possible  cases,  Illustrate  tbe  naturv 
of  defe<'tlve  tests  nnd  tbe  deceptive  conclusions  linhle  to  be  drawn  from  tbeiii. 
The  remedy  la  manifest.  Tent  each  water-lwarlng  stratum  as  It  is  euconntcrvd, 
or  else  vary  the  final  tests  so  as  effectually  to  exclude  all  liabilities  to  error. 

Sonie  comment  may  Iw  made  on  the  sjjecial  application  of  tlie^*' 
directions  in  this  region.  In  Kittitas  Valley  the  strata  encountere'l 
ill  the  downward  pix)gress  of  the  drill  outcrcip  along  the  neighbor- 
ing hill  slopes  nt  successively  higher  elevations,  so  that  there  does  noi 
seem  to  be  much  danger  of  leaka^  from  a  water-bearing  stratum  to 
the  one  beneath,  and  a  phig  inserte<l  just  above  the  highest  stronp 
flow  should  bo  sufficient.  In  the  wheat  lands,  where  conditions  an' 
less  thoroughly  understood,  more  care  should  lie  taken  to  make  the 
tests  exhaustive. 

It  has  been  noted  that  in  wells  sunk  from  the  plateau  levels  of  tiif 
wheat  lands  water  is  generally  found  at  about  the  same  depth  as  in 
the  bottoms  of  the  neighboring  coulees.     vVn   artesian   flow   could 
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hardly  be  expected  at  a  less  depth,  for  the  extensively  dissected  upper 
strata  would  be  too  leaky  to  hold  water  under  pressure.  Wells  on 
high  ground,  therefore,  should  be  sunk  lower  than  the  bottom  of  any 
iieighlx)ring  coulee  and  the  test  plug  inserted  below  all  porous  layers 
that  are  exposed  in  the  coulee  walls.  In  wells  sunk  in  canyon  bot- 
toms it  would  perhaps  answer  in  most  cases  to  insert  the  plug  in  the 
first  layer  of  compact  basalt  below  the  loose  and  porous  surface 
material. 

By  way  of  summarizing  this  brief  consideration  of  artesian  tests 
it  is  desired  to  state  emphatically  the  following  important  points: 

(1)  The  fact  that  the  water  does  not  overflow  from  an  uncased 
well  does  not  prove  that  an  artesian  flow  might  not  be  developed 
under  proper  conditions. 

(2)  A  well  in  which  water  rises  appreciably  is  worthy  of  being 
exhaustively  tested,  unless  the  nonexistence  of  artesian  conditions  in 
its  neighborhood  has  been  proved,  and  the  tests  should  be  carried  out 
with  an  understanding  of  the  principles  that  govern  artesian  flow. 

(3)  It  is  unnecessarily  wasteful  to  case  a  well  before  it  has  been 
tested.    The  preliminary  tests  may  be  made  with  inexpensive  appa-  - 
ratus,  thus  saving  the  heavy  expense  of  casing  until  it  is  known  to  be 
justifiable. 

DEPTH   OF  EXPERIMENTAL  BORINGS. 

It  is  a  question  of  some  moment  to  what  depth  it  is  proper  to  carry 
experimental  borings.  An  idea  is  widely  prevalent  that  the  chances 
of  obtaining  artesian  water  increase  with  the  depth  of  the  well,  and 
even  that  artesian  water  may  be  obtained  at  any  place  if  the  well  goes 
deep  enough.  This  notion  has  a  certain  basis  in  the  fact  that  deeper 
strata  are  less  liable  to  be  tapped  by  erosion  than  higher  ones.  Under 
certain  conditions,  however,  which  are  illustrat-ed  in  fig.  14,  the 
deeper  strata  may  be  less  likely  to  yield  a  flow  than  those  above. 
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>'  '»  -V'x'x'-/ 


V\i\.  14. — Ideal  section  showing  relative  probability  of  obtaining  artesian  flow  at  various 
depths.  The  Rtratum  A  Is  tnpp(Hl  by  the  river  at  R.  while  (?  and  I)  are  unfavorably  sit- 
uated for  receiving  a  supply.  B  is  capable  of  Imbibing  a  good  supply  along  its  upper 
ed^^e,  and  Is  not  cut  by  the  river,  so  that  it  is  lilcely  to  yield  a  tiow  from  a  well  sunk 
at  W. 

Many  drillers  in  the  wheat  lands  have  thought  that  it  would  be 
worth  while  to  sink  wells  to  a  depth  of  from  1,(KX)  to  1,500  feet,  in 
order  to  reach  below  the  strata  that  are  extensively  expostnl  in  the 
river  canyons.  Such  a  l)elief  should  not  be  adopted  hastily.  These 
deep  strata  w^ould  probably  l)e  less. exposed  to  leakage,  although  the 
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writer  is  not  sufficiently  acquainted  with  the  i-egion  to  the  east  to 
si)eak  positively,  but  it  is  doubtful  whether  they  are  favorably  ex- 
jK>sed  to  take  in  a  supply  available  in  the  wheat  lands.  Tlie  doulit 
existing  on  this  {>oint  in  the  present  state  of  our  knowledge  should  be 
frankly  faced  by  anyone  who  contemplates  putting  down  a  verj'^  deep 
well.  Before  any  such  costly  experiments  are  made  some  of  the  more 
favorably  situated  wells  of  the  present  moderate  depths  should  lie 
thoroughly  tested.  In  wells  to  be  sunk  in  the  future  each  water- 
bearing layer  should  be  tested  as  soon  as  reached,  and  if  a  satisfac- 
tory flow  is  developed  at  any  point  the  owner  should  rest  satisfied  and 
not  tempt  fortune  by  continuing  to  greater  depths. 

CASINO   NONFLOWINQ   WELLS. 

If  upon  test  a  flow  be  developed,  the  well  should  be  cased  down  to 
the  point  at  which  it  is  found  that  the  packing  is  most  advanta- 
geously located.  But  it  does  not  seem  wise  or  economical  to  con- 
fine casing  to  those  wells  that  develop  a  surface  flow.  Suppose  a 
well  in  which  the  underground  pi^essure  is  sufficient  to  force  the 
water  in  an  oj^en  tube,  inserted  with  a  tight  joint  above  the  porous 
water-bearing  layer,  to  within  50  feet  of  the  surface,  but  that  in  its 
rise  through  the  uncased  w^ell  it  meets  a  leaky,  porous  bed  througli 
w^hich  it  escapes  at  100  feet  from  the  surface.  In  such  a  case  as  this 
the  windmill  or  other  pumping  engine  must  raise  the  water  100  feet, 
when,  if  the  underground  pressure  were  fully  conserved,  the  water 
need  be  lifted  only  half  that  distance.  There  is  a  cle^r  waste  of  50 
per  cent  of  the  power,  for,  as  is  evident  to  all  who  are  acquainted  with 
the  elementary  principles  of  mechanics,  a  pump  capable  of  lifting 
1,000  gallons  per  hour  through  a  vertical  distance  of  100  feet  could 
lift  '2,000  gallons  per  hour  through  half  that  height.  The  compara- 
tively slight  expense  of  packing  the  lower  end  of  the  pipe  might  in 
many  cases  be  repaid  time  and  time  again  by  the  saving  in  power 
where  power  is  a  source  of  considerable  expenditure,  or  by  the 
increased  yield  of  water  where  all  the  water  developed  can  be  used  to 
advantage. 

Two  qualifying  phrases  in  the  last  sentence  require  some  further 
explanation.  In  the  vast  majority  of  the  deep  wells  now  existing  the 
pumping  engines  are  windmills,  and  the  cost  of  power  is  confined  to 
tlie  snuiU  annual  expenditure  for  repairs,  oil,  etc.,  plus  the  ordinary 
wear  and  tear  on  the  machine.  Moreover,  the  amount  of  w^ater  fur- 
nished by  a  single  mill  is  usually  sufficient  for  all  farm  uses.  Under 
such  circumstances  as  these,  where  the  running  expenses  are  almost 
nothing  and  the  supply  meets  all  demands,  there  seems  to  be  little 
inducement  to  make  even  a  small  outlay  for  packing  the  well  pijx^ 

Wliere,  however,  a  large  and  constant  supply,  such  as  is  require<l 
to  furnish  a  town  water  system,  is  demanded,  a  gasoline  or  steam 
pump   is  generally   used.     The  necessary   fuel   is  then   a   constant 
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source  of  expense,  and,  consequently,  a  possible  saving  of  power, 
istich  as  Uiuy  1x5  acconiplished  by  packing,  is  wortliy  of  careful 
^consideration. 

In  the  second  place,  if  the  rancher  were  able  to  use  economically 
su  large  quantity  of  water  it  would  be  desirable  for  him  to  draw 
:from  his  well  the  greatest  amount  that  his  windmill  could  supply 
under  the  most  favorable  conditions.  It  seems  to  the  writer  that 
«uch  a  use  for  the  surplus  above  what  is  needed  for  ordinary  farm 
uses  is  to  be  found  in  the  irrigation  of  fruits  and  vegetables.  While 
in  the  region  east  of  the  Columbia  the  conditions  are  such  that 
horticulture  will  probably  never  become  a  leading  industry,  it  seems 
certain  that  vegetables,  small  fruits,  and  certain  orchard  fruits 
might  be  produced  in  greater  quantity  and  of  much  better  quality 
than  they  are  at  present  if  the  fullest  use  were  made  of  the  possi- 
bilities of  irrigation  from  wells.  If  such  a  use  were  found  for  all 
the  water  available,  the  desirability  of  packing  in  all  cases  where 
the  water  level  in  the  well  could  thereby  be  materially  heightened  is 
evident. 

Efficient  and  systematic  irrigation  of  gardens  from  deep  wells 
would  involve  the  construction  of  reservoirs,  either  wooden  tanks  or 
excavations  lined  with  masonry  or  sod.  The  methods  of  irrigation 
can  not,  however,  be  dealt  with  in  this  paper.  Those  interested  in 
the  subject  will  do  well  to  refer  to  Mr.  Newell's  recent  work  on 
irrigation,**  where  all  the  branches  of  that  important  art  are  treated 
fully. 

CONCLUSION. 

This  report  may  be  closed  appropriately  with  a  brief  recapitulation 
of  the  more  important  points  developed  in  the  preceding  pages  on  the 
deep  wells  of  east-central  Washington. 

In  the  wheat  lands  the  records  of  numerous  wells  demonstrate  that 
abundant  water  of  good  quality  can  be  obtained  from  porous  layers 
in  the  basalt  series  at  depths  varying  from  40  to  670  feet.  In  general, 
the  average  depth  at  which  a  good  supply  is  reached  increases  gradu- 
ally toward  the  south. 

The  water  generally  rises  in  these  wells  to  a  greater  or  less  extent, 
which  proves  that  the  deep  waters  beneath  the  wheat  lands  are  under 
pressure,  and  that  they  are,  therefore,  in  the  broad  sense  of  the  term, 
artesian.  Despite  these  encouraging  manifestations,  however,  no 
instance  is  known  in  which  an  attempt  has  been  made  to  measure  the 
effective  head  of  the  artesian  streams,  nor  has  any  well  in  the  region 
been  cased  to  prevent  leakage  through  porous  beds  above  the  confin- 
ing stratum  of  compact  basalt.     There  is  good  reason  to  believe  that 
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there  are  wells  in  the  wheat  lands  in  which  the  water  fails  to  reach 
the  top  solely  on  account  of  leakage  through  loose  surface  mateiiaL 

It  is  strongly  urged,  therefore,  that  the  more  favorably  situate-*! 
wells  be  tested  thoroughly  in  order  that  definite  information  may  \n 
obtained  regarding  artesian  pressures.  Directions  for  making  ?u<-h 
tests  have  been  given  in  the  appropriate  place.  All  wells  which 
then  prove  capable  of  giving  a  surface  flow  should  be  efficiently  cased. 

It  is  thought  advisable  not  only  to  case  any  wells  that  will  give  a 
surface' flow,  but  to  pack  the  bottom  of  the  pipe  in  many  other  wells 
in  which  the  water  surface  could,  by  that  means,  be  raised  materially. 
Such  a  procedure  would  be  economical  where,  on  the  one  hand,  a  ga>c^- 
line  or  steam  pumping  engine  is  used  and  the  running  expense  f4>r 
fuel,  etc.,  are  considerable;  or  where,  on  the  other  hand,  a  windmill  i^ 
used  and  the  running  expenses  are  insignificant  but  it  is  desired  to 
augment  the  supply  by  this  means  if  use  can  be  found  for  all  the 
water  that  can  be  obtained.  It  is  suggested  that  irrigation  of  gar- 
dens and  orchards  from  deep  wells  would  afford  a  profitable  means  of 
utilizing  most  of  the  water  that  can  be  developed  in  excess  of  the 
requirements  of  stock  and  the  household. 

There  seems  to  be  a  fairly  good  chance  of  obtaining  artesian  foun- 
tains in  the  vicinity  of  Lind  and  of  Parnell  and  in  the  coulees  west 
of  the  Lind-Ritzville  district,  but  the  artesian  pressures  are  probably 
insufficient  to  raise  water  to  the  general  plateau  levels  of  the  wheat 
lands. 

In  the  arid  range  land  just  east  of  the  Columbia  water  could  l>e 
found  at  comparatively  moderate  depths,  but  conditions  do  not  favor 
the  hope  of  obtaining  artesian  flows.  A  number  of  stock  w^ells  could 
probably  be  sunk  in  this  region  to  advantage,  and  if  located  at  points 
far  from  any  of  the  natural  drinking  places  might  render  available 
some  areas  now  largely  neglected  by  the  stock  because  of  their  dis- 
tance from  water.  The  excessively  grazed  stretches  near  the  st^eanl^ 
and  springs  might  then  have  an  opportunity  to  recuperate  if  the  nimi- 
ber  of  animals  on  the  range  could  be  kept  within  a  reasonable  limit. 
The  ruin  of  this  range  seems  imminent,  however,  unless  those  who 
have  grazing  interests  there  adopt  a  conservative  policy.  The  waste- 
fulness and  shortsightedness  of  overstocking  has  too  often  bein) 
demonstrated  by  experience  and  only  realized  when  the  evil  wa< 
past  remedy. 

That  there  would  be  better  chances  of  obtaining  artesian  flows  on 
the  Columbia  Plains  by  very  deep  borings  than  from  some  of  the 
moderately  deep  wells  now  existing  is  doubtful.  Deep  experimental 
borings  in  the  basalt  are  to  be  regarded  in  the  present  condition  of 
our  knowledge  as  involving  considerable  financial  risk.  The  searcher 
for  artesian  water  should  make  careful  and  exhaustive  tests  of  the 
upper  water  horizons  before  he  sinks  capital  in  a  deep  boring. 
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The  writer  believes  that  wells  sunk  in  the  lower  portions  of  Kittitas 
Valley  to  the  base  of  the  EUensburg  series  and  properly  cased  would 
yield  artesian  flows.  If,  however,  a  properly  conducted  experiment 
resulted  in  failure  to  obtain  a  flow  from  the  EUensburg  series,  the 
advisability  of  continuing  the  boring  into  the  basalt  underneath 
would  bo  doubtful.  Granting,  however,  that  the  chances  of  obtaining 
surface  flows  are  good,  the  wisdom  of  prospecting  for  artesian  water 
in  Kittitas  Valley  rtiust  depend  upon  the  answer  to  the  question 
whether,  if  an  artesian  supply  were  obtained,  it  could  Be  used 
economically. 
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